es 


# on each of the three days, there was adequate time for discussion of every one of the " 
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The Third Gas s Chromatography Symposium 
EDINBURGH is but a memory now, albeit an 1 extremely pleasant « one, to the 560 delegates who, es 
together with nearly 200 of their ladies, attended this, the third Symposium on Gas Chromato- _ 
graphy. The two previous Symposia, sponsored by the Gas Chromatography Discussion re 4 
Group, which is one of the Groups attached to the Hydrocarbon Research Group of the _ =4i i. 
Institute of Petroleum, were held in London i in 1956 and in Amsterdam, in association with A 


ey In the spring of 1959 the Group had some tentative plans for arranging a third Symposium Yi 


However, ‘difficulties of organising such a meeting began to look too formidable, and it was % 

at this stage that the Society offered help. We had, of course, in mind that our Scottish _ 
Section, through the kindness of Dr. David Traill and his colleagues at Ardeer, had already — 
sponsored a meeting there in 1955 on this subject, and that the Scottish Section had also held bE. 

a very successful Congress on Modern Analytical Chemistry in Industry at St. Andrews in Pa; as 
1957. From these beginnings the present meeting grew, and the Organising Committee, i - ‘4! 
meeting alternately in Edinburgh and London, found itself eventually obliged to exceed its 


original target of 500 delegates and, even so, reluctantly to refuse many applications from me, 


4 


would-be delegates. In all, 21 countries were represented. _ The Assembly Rooms in George ti : ¥ 


Street - proved to be admirable, for within one building it was possible to provide adequate a rg 


and informal talks, but also for refreshments and lunches during the day and for the three 


receptions held in the evenings. he geo of ape of 
Registration on Tuesday, June 7th, was followed in the evening by a Reception given 
by the Organising Committee, and the Conference began on Wednesday morning with a : 
welcoming address from Professor E. L. Hirst of the ‘University of Edinburgh. Dr. A. T. 
James delivered the opening address, and Mr. H. P. Angelé then gave a short account of the 
‘The programme for the three days was conveniently divided into “Apparatos: and 
Technique,” “Theory and Applications” and “General Applications.” All the papers were _ 
available as preprints, and with effective chairmanship at the morning and afternoon sessions _ 
ee On the social side the Symposium | was honoured on the ‘Wednesday | evening with a oo 
Civic Reception: Senior Baillie McKay and Mrs. McKay, supported by the Magistrates and — 
Council of the City of Edinburgh, received the delegates and their wives. During the evening — 
they were treated to an exhibition of Scottish country dancing. — On Thursday evening © 
Dr. F. R. King and Mrs. King, on behalf * the British Petroleum Comnpeay L Ltd., entertained 


Professor A. A. Zhoukhovitzky, who was to have given the Introductory Lecture on 
Friday, was unfortunately unable to be present at the Symposium, but Professor Keulemans i we 
stepped into the breach and gave an account of some aspects of Professor Zhoukhovitzky’s aS 
work. The session was rounded off by an excellent summing-up by Dr. C. S. G. Phillips. a0 
Dr. Klinkenberg expressed the thanks of the visitors from ov verseas, and the Symposium was res 
brought to a close by a short address by Ms. R. C. Chienaite, President si the annie ne 
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: 
PROCEEDINGS. 
the Symposium an Exhibition o of gas-chromatographic books and 
__-During the week a number of very interesting visits were arranged for the ladies, and on 
the Saturday following the technical meetings a number of members took part in visits to 
the University Chemistry Department and to the following establishments: Colvilles Ltd, 
-Ravenscraig Steelworks; The North British Rubber Co. Ltd.; Arthur D. Little Research 
_ Institute; Imperial Chemical Industries Ltd., Grangemouth; Scottish Gas Board, Coal Gas. 
ification Plant; United Kingdom Atomic Energy Authority, Chapelcross Generating Station. § 
All these arrangements were in the hands of Dr. and Mrs. Wirth, to whom the Society and 
the Gas Chromatography Discussion Group are very ‘grateful. 


e: Tribute 1 must be paid to the Committee of our own Scottish » Section for the pet they 
played in association with other colleagues i im 


3 _ As for the two earlier Symposia, the record of the proceedings will be published cudieintiity 
Butterworths Scientific and it is will appear before 


PROCEEDINGS OF FOR ANALYTICAL CHEMISTRY 


» = Norval Adams; Richard Oxford Cochrane; Clarence Ewart Davis; William Henry 


Thomas Davison, M.A. (Cantab. ), F.R.LC.; Kenneth Edward Elgar, B.Sc. (Lond. ), A.R.L.C.; 
Peter Michael Harrison; Joseph Edward Koles, B.Sc. (Rutgers), M.Sc. (Kentucky) ; George 
«FL Lehrian ; Peter Wallace’ Lloyd, B.Sc. (Lond.); Joyce H. C. Manson, B.Sc. (Edin.); Eric 
Toot Millett, M.Sc. (Lond.), A.I.M.; Antonio Prieto-Bouza, D.Sc. (Santiago de a 
Leonard Albert Shearing, B.Sc. (Lond.), 


We record w ith regret deaths of 4. 
Edith th Brodaty 


John McCrae 


“NORTH OF ENGLAND AND SECTION MICROCHEMISTRY GROUP» 
A Jot ‘Meeting of the North of England Section and the Microchemistry Group of the 
‘Society together with the University of Hull Chemical Society was held at 6 p.m. on Friday, } 
_ May 13th, 1960, in the Department of Chemistry, The University, Hull." _The North of 
England Section and the Microchemistry Group were welcomed by Mr. B. McEnaney, BSc., 
and the Chair was then taken by t the Chairman of the Microchemistry Group, M Mr. P.. ‘Holmes, 
‘The subject of the meeting was “Corrosion” and the following papers were presented 9 
iy discussed : “Oxidation of Metals by Oxygen at High Temperatures,” by S. J. Gregg, 
D.Sc., F.R.LC., A.R.CS.; “X-ray Studies of Some Metal Oxidation and Corrosion Problems,” J 
H. P. Rooksby, B. Sc., -FInst.P. (see summaries below). 


By kind permission of Professor N. B. Chapman, M.A., Ph.D., , the Department of ‘ 
Chemistry. of the , Hull, was open to during th the ‘afternoon. 
OXIDATION OF METALS BY OXYGEN AT ‘Hicn TEMPERATURES 
Dr. S. J. Grece began by. saying that when a piece of sheet metal was exposed 
- to oxygen at room temperature it soon ees covered with a Laecanee film’’ a few 
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“a reactants in ionic form across the oxide layer to meet the pak metal 
ions dissolved in the oxide at the metal - oxide interface and moved across the layer Arsh 
react with the chemisorbed oxygen on the “outside” of the oxide layer (C. ‘Wagner, 
a. phys. Chem., 1933, 21B, 25). There were two kinds of ‘ ‘driving force,” (a) the electro- 

i: static potential gradient between the positively charged piece of metal and the negatively _ 

_ charged film of oxygen chemisorbed on the outside of the layer and (6) the concentration 
as because the concentration of free metal ions was high near the ~ 


-and low near the chemisorbed oxygen. 


= _ The over-all rate of oxidation was determined by gradient (a) for low ae Vs 


a and thin films and by gradient (6) for higher temperatures (where thermal agitation _ 
‘ of the my became important) and thick films. For intermediate conditions both 
analysis (N N. Cabrera and N. Mott, Rep. Progr. Phys., 1948-9, 
163) showed that, when (a a) predominated, the inverse logarithmic law X = k,/(k.—Int) 

should hold (X = film thickness at time ¢, k, and Rk, were constants), and this had been 
ee _ confirmed experimentally for the tarnish film region (X ~ a few tens of A); when (5) 

S predominated, the parabolic law X* = k,¢ should be obeyed, and this had been found " 
experimentally in a few instances. For case (c) the equation X? = k,t (hy kg even 
for the same metal) or X3 = hf, depending on the type of oxide, was “to be expected, 

and again isolated instances of both were known. At temperatures below 


teristic for the metal) only case (a) should be found. 


practice the oxide layer conformed to ‘he ideal visualised in 4 
- foregoing treatment, of an isotropic slab of uniform thickness adhering to the metal, and 
_ might deviate from it in various ways; it might crack and become porous to gaseous ° fe 
yen. and the metal would then continue to oxidise until it was all consumed, often 
at a constant rate (“linear oxidation,” exemplified by magnesium) (S. J. Gregg and 
W. B. Jepson, J. Inst. Metals, 1958-9, 87, 187) ; again, cavities might be formed between 4 
the oxide and the metal so that the dissolution of the metal ions in the oxide layer va 
hindered; oxidation might then proceed by diffusion of oxygen ions, and the curve of 


ie’ Impurity ions, or or the ions of an alloying element, ent, might : modify oxidative behaviour — 


profoundly. dif the guest” ions were soluble in the oxide layer, they would affect the 
mobility of the “host” ions (by altering the concentration of vacancies or of interstitial 
ions) ; they would also influence the tendency of this layer to crystallise and therefore -_ 
to develop porosity (e.g., alumina particles in magnesium) (Gregg and Jepson, supra). a 
if the foreign ions were insoluble in the oxide they would remain in the metal and form ; 
a protective layer at the metal - oxide interface (e.g., silicon ions in iron-chromium 
ay (D. Caplan and M. Cohen, J. Metals, Trans. A.I.M.E., 1952, 4 , 1057). The 7 
rates of diffusion and therefore of oxidation of the host and the guest ions would differ, , 
vd so that the proportion of host and guest ions in the oxide would be different from that | 
in the original metal, and moreover it would change with time (e.g., magnesium - — 
aluminium alloys) (D. G. Smith, Ph.D. Thesis, Exeter, 1958). The analysis of van small _ 
of oxide layer that raised some problems. 


X- -RAY SruprEs oF SOME METAL Oxrpation AND CoRROSION 
. Mr. H. P. Rooxssy said that X-ray diffraction analysis had been used extensively » - 
to characterise oxides and other ‘compounds formed during corrosion of metals. Valuable 
a features of the technique were that very minute fragments of corrosion substance could _ 
ibe identified, and that, when required, the examination could be made im situ on the | Pe 
= affected specimen. To supplement direct examinations selective solution treatments — 
oll with such reagents as bromine - methanol (A. R. Eberle and M. W. Lerner, Metallurgia, 
1959, 59, 49) and bromine - methyl acetate (H. F. Beeghly, Anal. Chem., 1949, 21,1513) 
4 left oxides and other contaminants as insoluble residues that could be subjected to X- -ray_ 
analysis. Oxides, nitrides, carbides and sulphides, which might play a significant réle— 
in corrosion processes, but which often occurred only locally and i in low concentrations, — 
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7 ait rT It} had been shown that three crystallographically distinguishable, yellow or orang: 
- hydrated oxides (FeO-OH) could form as a result of corrosion of iron and steel in moist] 


atmospheres. Identification of the 8 form in a “rust” provided firm evidence that 
contamination with a chloride had been involved. In some special circumstance 


ae _ finely-divided black magnetite rather than a coloured hydrated oxide might be produced. nd 
a. For example, when an iron specimen was completely immersed in a dilute saline solution, pe t 
-- one or other of the coloured hydrated oxides was formed, but when part of, the iro a5 
specimen extended into the atmosphere above the surface of the solution, the corrosion pm 

x product was black magnetite. This magnetite, the crystalline size of which only averaged f 4 f 


__, some two or three hundred Angstroms, had been found to be responsible for the seizure ial 
‘ll of the main control 5 in the governing system of a turbogenerator at | UskmouthR 
‘power s station (A. L. G. Lindley and F. H. S. Brown, Proc. Inst. cau mie 1958, 172, _ 
was well known that the successful. use of nickel - type. alloys as 

_ electric heating elements depended on the development of a protective scale of chromium J 
a oxide, Cr,O,. Carburisation, however, could take place i in some atmospheres, and this 


led to precipitation of chromium carbide, either Cr,C, or Cra3C,, at grain boundaries. 

__ If the atmosphere became oxidising again, rapid corrosion might then occur by oxidation 
of the carbide (D. M. Dovey and I. Jenkins, J. Inst. Metals, 1950,76,581). The chromium 
_ carbide, together with such constituents as zirconium carbide and zirconium nitride, 
_ which were commonly present in the unused alloy, were readily separated by bromine - 
methanol treatment. Extracts might be made at several different levels so that the 
Sequence of reactions involved in the corrosion process could be followed. Diffusion 
Of nitrogen and subsequent precipitation of chromium nitride, Cr,N, had been found 
to give rise to similar corrosion phenomena. Another cause of rapid attack on nickel - 


chromium alloys was the formation of chromium sulphide, CrS, or nickel sulphide, 
- Ni,S,, or both (L. B. Pfeil, Chem. & Ind., 1955, 208). Both sulphides had been found 


be separable from the metal by solvent treatment. ~ 


“Investigations of. beryllium ‘metal by X- rays had focused attention 
impurities that occurred in commercially available materials. Most of these were 
tentatively identifiable in direct examinations, but such identifications had been con- 
firmed by bromine - methanol solvent separation. — Insoluble residues had been shown | 
to comprise mixtures in various concentrations of graphite, , silicon, beryllium carbide, 
ait _ oxide and nitride, depending on the origin of the beryllium. — It had also been possible 
to show that particles of powdered beryllium possessed a coating of beryllium oxide 
_ that was near-amorphous in character, averaging only some 30 or 404 in ultimate 
- exystal size, in contrast with the micron-size crystals of beryllium oxide that were present | 


7 a i This near- -amorphous « oxide > readily formed on turnings and drillings and added o: oxygen 
= to that present as crystalline BeO in the material as received. Such an effect could 
_ lead to errors in determinations of the total-oxygen content of ‘beryllium metal rit such 


ESTERN SECTION: PHYSICAL METHODS GROUP 


A Meeting of the Western Section and the Physical Methods" Group was held d at 
6.30 p.m. on Friday, May 20th, 1960, in the Conference Room, Municipal Buildings, Poole. | 
The Chair was taken by the Chairman of the Physical Methods Group, Dr. G. W. C. Milner, 


in The ‘subject of the ; meeting was’ ‘Atomic- -absorption Spectroscopy” and the following 


papers were presented and discussed: “Some Factors Affecting Performance in Atomic- 
absorption Spectroscopy,” : by R. Lockyer, B.Sc., F.R.1.C.; ‘The Flame as a Source of 
Atoms,” by C. A. Baker, M.A., D.Phil.; “The Application ‘of. Atomic- rey Spectro- 
photometry to Metallurgical Analysis, ” by W. T. — F.R.I. C., and J. ALF F. Gidley, B.Sc., 


Alnst.P, (see summaries below). 
_ The —_— was Pree at 2. 2. 30 p.m. tn a visit tot the ae Materials ls Laboratory, 
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Some FACTORS AFFECTING PERFORMANCE IN ATOMIC- 


= 

"means to satisfy each of these requirements would have a on the 
"formance attained, and the author found it convenient to discuss them in turn. i ee 

| radiation source—This was ideally a sharp-line source free from. 

| and background. The hollow-cathode discharge was usually employed and was of wide © sh s 

‘ application, and this the author discussed in some detail. He mentioned also gas- ’ 

_ discharge tubes. and electrodeless tubes and dealt with the choice of spectral line to be 


the 
The population of atoms—While solids had been volatilised directly by the use of 
induction heating or electron bombardment, the most common practice involved the eae. 4 
use of a solution that was introduced into a flame by a suitable atomiser. The author 


atomiser design and construction, but deliberately excluded 


a question of the type : of flame, as this bi the subject of a separate paper. 


a The detector—In principle, the reachstion of the method was implicit in os . width 
_ of the emission and absorption lines and all that was required instrumentally was to 
a isolate these lines from their neighbours in the spectrum of the source used. ‘iT he actual 
detector might be photocell, photomultiplier or photographic plate. - Single- or double- 
: beam working might be adopted, and a modulated light source with tuned amplifier a 
i none be used to overcome the effects of emission from the flame. 8s” 
_ Standards—As a solution was used, it was usually possible to prepare standards 
7 am ordinary chemical procedures. While atomic-absorption methods were usually free 
from inter-element effects, there were certain known interferences, and the author . a 
_ discussed some of these. He also mentioned the effects of ney a on hai = 


Dr. C. A. BAKER began by stating that atomic- absorption spectroscopy was claimed 


to be superior to emission flame photometry for certain elements that were susceptible a 


& - aie The value of absorption in a flame as a means of analysis had been investigated — 
_ with particular reference to these inter-element effects. An apparatus had been designed | 

_ for use with a type of flame that was in regular use in an emission flame photometer, — 

namely a pre-mixed oxy-propane burner with direct introduction « of the spray, in addition — 

to the familiar air - coal gas Meker-type burner. (a) 


Riad op denncenitetite hollow-cathode lamp was used as a source of any desired radiation 
and a double-beam optical system was used to avoid the necessity of extreme stabilit) 
a. P in source brightness and detector sensitivity usually associated with atomic-absorption _ 


spectroscopy. _ The beams were chopped to eliminate the effects of emission from the — 


_ Apart from considerations of line width, the most important factor affecting absorp- 

- tion was the concentration of atoms in the ground state, and for emission the concen- _ 
tration of atoms in the first excited state. . The author discussed the various chemical 
and physical factors affecting this concentration, referring particularly to the chemical 

4 interferences on the alkaline- earth elements and the physical interferences on the alkalis. 


4 


He drew the conclusion that the flame conditions must be. carefully chosen for the - 
analysis to be performed and that the low-temperature air - coal gas flame was the 
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THE APPLICATION OF ATOMIC- ABSORPTION SPECTROPHOTOMETRY 


‘ ep ia " F. Gip.ey said that a major problem i in metallurgical analysis was the 
oe determination of an element in the presence of an overwhelming excess of another, 
usually the matrix element of the sample. — Chemical procedures frequently involved 
either removal of the major constituent from the element to be determined or concen. 

_ tration of the latter. Both procedures were often and time consuming ani J 


- constituent had and atomic- methods were 
pire _ After outlining a description of the equipment used in the authors’ laboratory 
‘Mr. Gidley gave details of the development of analytical procedures in which this relatively 
_ new analytical technique was used. Reasons for the choice of lamp, lamp current, : 
_ line and slit width were mentioned and he referred to the preparation of calibration— 
_ graphs. The speaker discussed investigations into interference with particular referenceh 
oan the determination of zinc, lead, magnesium and sodium in a variety of non-ferrousf 
metals. Results obtained by conventional chemical methods and by atomic- -absorption 
4 


spectrophotometry w were then presented an and compared. ia 
An Ordinary Meeting of the Section was held at 7 p.m. _ on Thursday, May 12th, 1960, in 
Gas Showrooms, Nottingham. The Chair was taken by} Mr. W. H. Stephenson, 
following paper was presented and discussed : “The Application of Gas - 
_ Chromatography to the Analysis of Oils,” by D. 


_ SUMMARIES OF PAPERS PRESENTED AT A MEETING OF THE SOCIETY — 


Tae following are summaries of the pa papers . presented at the Joint Meeting of the Society 
with the Fine Chemicals Group of the Society of Chemical Industry on Friday, March 18th, 
1960, in London. A first report appeared in The Analyst, 1960, 85,233. ees 


a The e subject of the meeting was “Techniques of Automatic Analysis” and the papers 
were: ‘‘Automatic Analysis in the Chemical Industry,” by R. M. Pearson, A.R.I.C.; “Auto- 
matibn in Clinical a by I. D. P. Wootton, M.A., M.B. , Ph. D., F.R. 1. — 


ANALYSIS IN: THE CHEMICAL ‘Inpustry 
MR. R. M. ‘PEARSON “stated that. ‘tremendous strides had been in the last 


few years in the development > of instruments for measuring actual process-stream 
composition. The motivating forces behind this development had been two-fold: 
 - the shortage of trained rye gran laboratory personnel brought about by competition 


- economic performance. The only means of satisfying the present demands was to use . 
the tools that could control processes better than humans—the instruments that worked 
twenty-four hours a day, continuously watching and compensating for changes in 

_ operating conditions; instruments that responded inside minutes, sometimes seconds, 

to 

_ Different processes required different a of instrumentation. In some cases, 

an instrument needed only to indicate or record, or do both. Here the control of the ' 

"process was still in the hands of the operator. Other processes called for action faster 

_ than a man’s manipulation could achieve, and controllers were needed. Instruments J 

b4 had to have a sensing element, a means of comparing the process conditions with a 
desired condition and an output signal that changed a valve or some other piece of f 

C process equipment to bring the process back into operating limits. In the most advanced | 

cnt of ins instrumentation, the computer calculated the ‘optimum: set - points : for the 
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4G io: fie main problems in applying analytical instruments to ue control related to er 
sampling and reliability. While the sampling of gases and liquids was fairly straight- eee: 
ef forward, no efficient means of sampling slurries and solids had yet been evolved. Once 
_ installed, the instrument had to be capable of running with the minimum of “down- 
- time” for maintenance; it might have to contend with dirt, vibration and general plant 
ze handling, as well as satisfy safety precautions and flame-proofing restrictions. The — 
' _ presentation of the result had to be in a simple form, devoid of ambiguity and involving — 7 
e no additional calculation. Finally, the merase ought to be suitable for manual ~ 
ij Operation or for automatic plant control. test ody 19q. 


Manual analysis could be replaced by (a) by mechanisation of a labora- 

- method or (6) by direct measurement of a physical property related to chemical — 
composition. In the former class were the automatic titrators and colorimeters. _ Amongst 
the newer physical techniques were infra- red and ultra-violet spectrometry, X- 

spectrometry, mass" spectrometry and chromatography. Except in specialised 
applications, the last-named technique was rapidly replacing mass spectrometry because 
it was cheaper. The future of mass spectrometry appeared to lie in the laboratory, Fe 

where it could be used, among other things, to check the accuracy of some of the other | 


Future trends v were likely to include the application of coulometry, X- “Tay | fluorescence 


—oDr. I. D. P. Wootton started by explaining t that clinical | biochemistry was a subject Be um 
peculiarly well adapted to automation. This was because a very large and oe ye 
demand for many of the same type of analyses had developed, and it was therefore < 
_ possible to employ “batch” methods. He illustrated this theme by reference to three __ » 


types of apparatus that were in current use, 
The first was an automatic proportioning pipette developed at the Postgraduate 
Medical School and now commercially available. This pipette used a roller pump working — ae 
on a peristaltic principle to deliver one or several volumes of fluid. Each volume © a 
delivered was about 0-3 ml, and the operation was arranged so that any number of 
~ volumes: from 1 to 20 could be pre-set and automatically delivered. The only materials | 
coming into contact with the solutions were polythene or silicone rubber, and the © 


An automatic titrator specially built for the estimation of serum and urine calcium 
was next described. The EDTA titration of the diluted specimen, using murexide 
7 as an indicator, had ‘several disadvantages when done manually. It was usual to an : 
‘the EDTA solution in small increments, reading the optical density after each addition, — 
and to find the end-point by plotting | the resulting titration curve. This took some e 
“d time, and the indicator tended to fade. In the automatic titrator, the EDTA solution 
was fed at a constant rate by means of a cam-driven syringe. The titrant was passed 
into the diluted specimen and indicator, which was continuously stirred and located in 
a light beam. The light output of a soltabibe placed photocell was recorded on a strip- — 
_ chart recorder. Since the EDTA solution was added at a constant rate, the strip-chart _ 
_Tecorder drew the titration curve, and the end-point could be read off as the inflexion. 
The distance (7.e., the time) between the start of the titration and the inflexion was then 
a measure of the amount of EDTA required to titrate the specimen. Results by this — 
_ method, which took about 45 seconds per sample, compared favourably with those 


A description of the Technicon Auto Analyzer: followed. This commercial apparatus 
~ had been in use in hospital laboratories for several years and had proved its merit for 
the repetitive analysis of blood samples. The samples, arranged around the periphery _ 
of a sampler plate, were aspirated one at a time into a continuously flowing reagent — 7 
stream. For most analyses, samples could be processed at the rate of 40 per hour, © 
and protein was removed, where necessary, by passing the reagent stream through a 


_ continuous- flow ae . The reagent stream could then be passed through appropriate ° 
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oh heating baths and ‘so on, and it was finally fed into a flow colorimeter. The colour j 
_ _ developed by the constituent being determined was measured as a peak on a strip-chart 
“pnt. recorder. About 20 of the most commonly required constituents could now be deter- 
mined in the Auto Analyzer with a precision that compared very favourably with that 
_--' The whole trend in clinical biochemistry was towards more analyses as more was 
_ discovered about biochemical abnormality and a closer control was required of a patient's 
biochemical state. In Dr. Wootton’s laboratory the demand had increased by about 
50 per cent. over the last two years. With a limited amount of staff and space available, 
____ this increase could only be met by the further application of automatic methods. — ye 
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Organo- silicon 1 Compounds, 
(Midland Silicones 1 Limited, Bary, 


| 
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SILICONE-BASED polymers first became commercially y available in the U.S.A. in 1943. Tes 
“silicones” were marketed as fluids, greases, resins and elastomers. The term ‘ ‘silicone” 
now applied to any organo- -silicon compound containing at least one pair of silicon | aes 
linked by an oxygen atom, viz., Si-O-Si; the correct terminology for such compounds is 
siloxanes, and their general formula is (RR’SiO),, in which R and R’ may be organic radicles. © 
_ The other class of compounds dealt with in this paper is the silanes, which are 
used as intermediates in the preparation of siloxanes. The general formula for silanes is 
R(R’,Si),SiR”’;, in which R, R’ and R” may be organic radicles, hydrogen, halogen, alkoxy, in 
or aryloxy groups and in which nm can have values of 0,1,2,3,... | 
This review will deal with the analysis of the important commercially available angen 7 


silicon compounds. In order better to appreciate the problems involved in such a analyses a 
brief of the Manufacture of these co compounds i is necessary. IR 


i most important intermediates in the manufacture of silicones are the « chlorosilanes, east 
and the two main industrial processes for large- -scale production of these compounds are the | 
“direct’”’ process and the ere process. The so-called “‘direct’’ process was discovered 


over a heated contact mass consisting of an intimate mixture of silicon with copper or silver. 
‘The process is most successful when the vapour of methyl chloride is used, the product being = 
a mixture of methyltrichlorosilane, dimethyldichlorosilane, trimethylchlorosilane and methyl- 
dichlorosilane; the first two of these compounds comprise most of the mixture. Copper is — 
the most efficient catalyst for producing methyl-substituted chlorosilanes, and silver for — 
phenyl-substituted chlorosilanes. In the Grignard process, one or more alkyl chlorosilanes _ 
are allowed to react with methylmagnesium chloride or phenylmagnesium chloride, and the x 
chlorine groups are replaced by methyl or phenyl groups. In both processes mixtures of 
mono-, di- and tri-substituted chlorosilanes are formed, as well as other compounds, and 
these must be separated by highly efficient fractional distillation (80 to 100 theoretical plates). 
The simplest approach to the preparation of the various polymethyl siloxanes is to con- 
| sider hydrolysis of the methyl chlorosilanes and the resulting structural units, which are 


summarised i in Table I _ The methods of preparing the major products are described below. | 
Silicone fluids are prepared by hydrolysis of mixtures of known chlorosilanes with water + 
and then catalytic polymerisation of the neutral hydrolysate. By varying the ratio of ; 
difunctional to monofunctional and trifunctional units, linear and branched-chain polymers 
having different molecular weights can be prepared. Most silicone Suits have methyl, 
henyl or hydrogen as substituent groups. 
Reprints « of this ‘paper will be available shortly. For details, 
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Le O—Si—O be used to extend chains 
_ and to form cross- 


 CH,Si(OH), (CH, 


h: d-block 


- 
* These intermediate silanols are not under conditions of f hydrolysis; 
condensation o! of f hydroxyl occurs and polymeric result. xe ca 3 


The silicone resins are prepared by hydrolysis of a mixture of pure difunctional and 
_ polyfunctional intermediates and then condensation to the stage before the gel point in . order 
to maintain solubility in organic solvents. The polymerisation is arrested by adding solvent, 
ry and silicone resins are therefore normally marketed as solvent solutions. Unlike the fluids, | 
silicone resins are not fully end-blocked, but contain free hydroxyl groups that condense 
_ when the resin is cured (usually by applying hent). J — containing both alkyl and aryl 
substituents a are particularly useful. feet tite 
_ The basic polymer in silicone rubbers is prepared by catalytic polymerisation of a highly 
f purified difunctional intermediate. The rubbers are prepared from this polymer by incor- 
a 


porating suitable fillers and vulcanising agents (usually organic peroxides, ¢.g., benzoyl }‘ 
peroxide). . The function of the peroxide is to introduce cross- linkage by oxidising alkyl |. d 
e+ in adjacent polymer chains. _ The substituents most used in silicone- “rubber rer 


are methyl, phenyl and vinyl | nye, 


Silicone greases are suitably thickened or or polyphenylmethyl ‘siloxanes; 
oll Silicone emulsions are oil-in-water emulsions based on polymethy! hydrogen siloxanes 
_ “(for water-repellent treatments) or polydimethyl and polyphenylmethyl siloxanes for polishes 


_ The ‘The analytical al chemistry sities organo- -silicon compounds can be » conveniently divided into 
-four sections: (a) elemental analysis, (b) analysis of of chlorosilanes, (c) determination of side- 


groups and (d) an of polymers. 


— 


ae Silicon can be minnie Ke decomposing the organo-silicon compound and then 
_ determining the silica or silicate produced. The technique generally used to bring about 
decomposition is wet combustion or fusion with sodium peroxide. If a wet-combustion 


~ method?.4.5.6 is used, the resulting silica can be determined by dehydration of silicic acid 
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and then the excess’; silicofluoride is formed in accordance with the 
te Fusion tits sodium peroxide leads to the formation of silicate, which | can ‘be determined 


colorimetrically (as molybdosilicic acid), or gravimetrially,? as oxine or a 
ins § A major problem associated with organo- silicon compounds is of the 
sample. Some compounds give rise to silicon carbide when digested with acids, and in our ae 

experience fusion with sodium peroxide in a Parr-type bomb is the most satisfactory way a 
of dealing with a wide variety of compounds. esse CPP 
_ Alternative methods of decomposition have been proposed, 9,10 but are usually ‘more _ 
time- consuming, ¢.g., when siloxanes are decomposed by heating with a mixture of sodium — 
and potassium hydroxides i in a sealed nickel crucible,” total decomposition may take more — 
ie The procedure most commonly used i in our laboratories i is fusion with sodium peroxide — 


Jean™ has critically examined the available for silicon, and, 
more recently, Voinovitch’* has studied existing methods for determining silicate. Ringbom 
and his co-workers“ have shown that the colorimetric determination of silicon as molybdo- _ 
silicic acid is subject to error because of the formation of the metastable B-form of the acid — 
and have described a determination based on the formation of the «-form. The colorimetric 
method based on the reduction of molybdosilicic acid to molybdenum blue involves use of | 
sodium sulphite in acid solution as reducing agent; Milton" has suggested that reduction by — 
stannous chloride enhances the colour produced and therefore possibly gives greater sensitivity. — 
_ _ Standard micro dry-combustion techniques"*.17.18 are used for determining carbon and : 
hydrogen, but care must be taken to avoid the formation of silicon carbide. However, it = 
has been suggested!*.2° that a two-stage combustion, in which the sample is vaporised at __ 
as low a temperature as possible and then oxidised on a platinum gauze at 850° C, will over- F: 
come this difficulty. The silica formed during combustion is retained by a plug of glass-wool _ 
at the end of the tube, and the silicon content is determined by weighing the tube after 3 oa 
combustion. Rochow reported that this method gave good results for a wide variety of 
organo-siloxane polymers, but it has been suggested that the length of the combustion tube — 
a cm) prevents the method from being used for volatile materials. $= 
_ Further work has been carried out on the simultaneous determination of carbon, hydrogen _ 
™ silicon. Klimova and his co-workers#!:*? have described a rapid method involving use 
of chromic oxide as catalyst, which prevents the formation of silicon carbide. By mixing =r 
|the catalyst with fibrous asbestos and weighing the sample into a quartz capsule filled with — 
|the asbestos, they were able to retain in the capsule all the silica formed, so dispensing with 
|the need to weigh the entire combustion tube. 
The only other commonly occurring element in organo-silicon compounds is chlorine, 
which may be directly linked to silicon or may be part of a substituent group. After fusion 
iwith sodium peroxide the total chlorine is determined by standard methods. - Chlorine atoms ‘Ee 
attached directly to silicon are readily hydrolysable, and this fact is utilised in determining — ee 
Si-Cl bonds in compounds of the type R,SiCl,_,. Hydrolysis is por effected d by aq’ 1e0us 
lishes fethanol, and the hydrochloric acid produced i is titrated directly. 


_ 7 _ Substituted chlorosilanes are intermediates in the preparation of silicones, and the td 
poe janalytical control of these materials is therefore important. The determination of ice 
1 into fand hydrolysable chloride has already been mentioned, and these results, together with the 
 side- infra-red spectrum, will often suffice to permit a structure to be assigned to a been eve if 
tae _ Three techniques are used for the analysis of chlorosilanes resulting from the dire 

_ §Grignard methods of synthesis: (a) infra-red spectroscopy, (5) fractional distillation and (c) . 
 * Infra-red spectroscopy— —The most useful region of the spectrum is in the potassium 
ustion § bromide region, 12 to 25 y, and it is here that the Si-Cl stretching frequencies occur. _ Absorp-- 


c acid tion is particularly intense, and, in general, the absorption maxima are sufficiently influenced 


J 
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by the number of chlorine atoms attached to the silicon atom and by other structural factors 1 F 


to allow identification of the individual chlorosilanes in complex mixtures. An interpretation 
_ of the infra-red absorption spectra for the methylchlorosilanes has been given by Lee Smith." | 
dilute solutions of chlorosilanes obey Beer’s law, their constituents can be determined 
quantitatively with a high degree of accuracy. — When the absorptions interfere, they are 


stati 
~ usually additive, and the interference can be calculated by determining one of the components mixt 
a another point in the spectrum. Brown and Lee Smith have utilised the infra-red absorption § gic: 


nam 


useful list of infra-red spectra. of organo-silanes is given by iting: ob 
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F; *vactional distillation—This technique is used for analysing highly complex ‘mixtures. 
‘Infra- red absorption analysis is not used for such mixtures because of absorption interference 
from structurally similar compounds. The distillation unit consists of a 6-foot column 
x with stainless-steel Dixon-gauze rings (see Fig. 1). The physical properties of the 


more common methyl- and phenylchlorosilanes, such as vapour pressure,”* specific gravity, 
boiling-point and refractive index, *°,89 are known and are used in interpreting the experi- 

_ mental results in routine work. The relative proportions of the constituent compounds in 
a binary mixture can be determined from the density or refractive index of the mixture. 
It has been shown that the methylchlorosilanes exhibit volume additivity, and the proportion 


of each i ina binary mixture can be found from the 
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Gas - liquid chromatography—The substituted chlorosilanes are an interesting series of 


compounds for the analyst working in this field. Because of their highly reactive nature, 
every stage in the analysis must be carried out under anhydrous conditions. The ede 
of the methylchlorosilanes has been achieved by using 30 per cent. w/w of nitrobenzene as : . 
§ stationary liquid phase supported on infusorial earth dehydrated at 300° C; a six- component — 
rents mixture comprising HSiCl,, SiCl,, CHsHSiCl,, CH,SiCl,, (CH,).SiCl, “and (CH,),SiCl was 
ption successfully separated.* Nitrobenzene has one disadvantage as stationary liquid phase, ea 
| and § namely, it has relatively high volatility when used at operating temperatures of 25° C or more. _ 
py.” At present, it is true to say that each technique has its particular advantages. Infra-red 
_ [spectroscopy or gas - liquid chromatography is to be preferred for plant control, as an analysis — 
_ Scan be completed in 10 to 40 minutes by either method. __ Fractional distillation i isinvaluable _ 
when volatile components and solid residues are present, and, a complete analysis 

sometimes to 4 days, the technique has the “advantage of being preparative. 
oF 
er Both physical and methods are used in the of the substituent 


wile groups attached to the silicon atom. The groups commonly found in commercially available 
L. silicones are Si-Cl, Si-H, Si-OH, Si-Si, Si-OR, Si-CH= Si-CH, and oH, most 


a 


~~ Si-Cl groups—The determination of Si-Cl by hydrolytic cleavage and subsequent rig 


_ | mination of the hydrochloric acid produced has already been mentioned. Other procedures 7 
hd have been and are based on the determination of hydrochloric acid by methods 


other than direct titration against alkali. Halogens on B-carbon atoms attached to silicon as 
nahn can also be nytartyeed with sufficient ease to be titrated with dilute solutions of bases.** 2 


a 5 _ Si-H groups—Hydrogen attached directly to silicon reacts with alkalis to yield a con- 


: densed silanol; gaseous hydrogen is ev rolved. This hydrogen can be collected and measured, 
_ | which prov ides a convenient and accurate analytical method for Si-H bonds. When aqueous 
phx) _f solutions of alkalis do not bring about quantitative evolution of | hydrogen, an alcoholic 


medium can be used to dissolve the sample. Kipping and Sands*’ treated polymeric systems 
and certain organo-silanes with moist piperidine. Non-quantitative evolution of hydrogen — 
usually indicates that the sample has ae been completely dissolved or that a base stronger — 
than 1 piperidine i is required as catalyst. — With polymethyl hydrogen siloxane the reaction is— 


The reaction is quantitative even at extremely 1 low concentrations; it also occurs , with Si-Si 
bonds, one such bond yielding 1 mole of hydrogen. — Je eee eae therefore be used 


to determine e Si-H in the presence of Si-Si _ bonds. ooh od 


a Silanol groups—Two methods are in : use for determining silanol groups. One is Zeri- 
witinoff’s procedure, in which the hydroxyl group is allowed to react with methylmagnesium _ 
| iodide.*8.8°_ This method works well for both large and small numbers of hydroxyl groups. — 
Guenther‘ has analysed a variety of samples, including commercial silicone resins, by using 


J 


Noll#! have also used a similar method to determine silanol groups. These 
| are subject to occasional error because of the limited solubility in the reagent of some of the q 
partly condensed products of the reaction. None of them differentiates between Si-OH and ; 
C-OH; the latter group can be determined by reaction with acetyl chloride, and the Si-OH may 
ican then by difference. Any =Si-OCOCH, formed is readily hydrolysed 
‘The method for determining Si-OH is based on condensation. of hydroxyl groups 
/ on adjacent molecules and then determination of the water produced. Alkaline catalysts 
| are used to promote condensation, and the water is azeotropically distilled with toluene in a 
Dean and Stark apparatus. The small amounts of water collected can be determined by ao 
| titration with Karl Fischer reagent. ved ying 
— Alkoxy groups—Alkoxy groups occur in certain silicone resins and in some water-repellent. 
preparations for treating masonry. The groups used are methoxy, ethoxy, propoxy and 
*} butoxy, all of which can be determined by the Zeisel cechnique™; the modified apparatus for 

| the micro-determination of alkoxy groups is suitable. Sodium acetate solution 1 is preferred 
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as liquid washer, since 2 anomalous results have been obtained when a solution containing 
cadmium acetate and sodium thiosulphate was used. Filipovi¢ and Stefanac have suggested 
the use of Ascarite soda asbestos instead of the customary liquid washers; the advantage fH its 
quoted were that the same tube could be used for several determinations without being refilled 
and that removal of interfering substances was complete. _ 


_ Hydrocarbon constituents—Only unsaturated hydrocarbon groups in organo-silicon com} 
5 pounds can conveniently be determined chemically, and of these the really important one 
_ is the vinyl group, which occurs widely in certain base polymers of silicone rubbers. The 
i _ use of many of the standard reagents for addition to double bonds has been tried, and the 
most satisfactory for the types of compound analysed appears to be a solution of 
iodine monochloride in glacial acetic acid. The types of compound analysed were 
and CH,=CHSiCl,, in which m had a 
value of 12 or more and was 0, 1, 2 or 3. rely 
_ Saturated-hydrocarbon groups are difficult to determine quantitatively, but a qualitative 
chemical approach has been used. _ Under proper conditions, substituent hydrocarbon groups 
can be cleaved from the polymer. ns As early as 1901, Kipping and Lloyd, in their researches 
into the preparation of compounds containing an asymmetric silicon atom, found that phenyl 
‘groups were cleaved from silicon by the action of sulphuric acid® Burkhard and Norton 
_ have based a scheme for the qualitative analysis of silicones on cleavage of the hydrocarbon 
groups by sulphuric acid. They reported a 70 per cent. yield of methane from a poly- 
_ dimethyl siloxane fluid» and lower yields from polymers containing higher alkyl groups. 
They have successfully identified hydrogen, ethyl, amyl and Phenyl groups attached § 
— proportions and kinds of organic groups _— in polymeric siloxanes have been 
found by reaction with hydrofluoric acid and then separation of the resulting organo-fluoro- 
-Silanes.*?,8.4° This method has the advantage of indicating the types and amounts of different 
structural grou groups within a silicone polymer. However, there is no simple method by which 
hydrocarbon groups can be determined quantitatively, and one must resort to the deter-§ 4, 
‘mination of hydrogen and carbon. The infra-red spectrum indicates qualitatively which ..),, 
groups are present, and, for simple molecules, results for carbon and hydrogen should allow end 
assignment of a structure. = For polymeric materials determinations of carbon and hydrogen § , 
are of more limited value, but physical | such as eas sated and refractive 
index, can be useful, 
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_ _ The routine examination of | finished silicone uubete consists a in physical and 
7 functional testing, although in the examination of new or unknown materials, more detailed} 
_ chemical and physical results are necessary for positive identification. — Silicone fluids, 1.e., 
linear polymers, will be dealt with most fully because the analytical picture is most complete 
_ for such polymers. Further, the techniques used for fluids can usually be applied to resins, 
7 4 _ greases, emulsions and rubbers, with the proper pre-treatment and a little modification. | 
_ When examining an unknown silicone fluid it is important to bear in mind that the 
«4 “number of different substituent groups likely to be present is limited, Although groups 
such as ethyl, vinyl and hydroxyl are sometimes encountered, the majority of silicone fluids 
contain only methyl and phenyl groups, with occasionally some hydrogen linked directly 
to silicon. Preliminary examination should include measurement of specific gravity, refrac- 
tive index and infra-red absorption spectrum. This will permit a 
_ The measurement of specific gravity and refractive index may indicate the presence of 


‘The magnitude of this effect is indicated by the results below— 

Ratio of phenyl to methyl it to 3 1 to 1 

gravity at 25° C 970 1000 j107 . 
Refractive index, 403 to 1-43 48 to 1-49 1-52 to 


However, for linear polydimethyl siloxanes having seca above 100 cS the values q 
_ of these properties are practically constant. = = 
| ae methyl and phenyl are the only substituent groups present and the polymer is linear, 
_ the ratio of methyl to phenyl can be found by determining the silicon content. For example, 
two extremes are [(CH,) 210], and [(C,H,),SiO},,; the unit weight of the is 
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ining 14, that of tne second is 198 and the silicon contents are 37-8 and 14-1 p per er cent., ieeieealitielins 
ested #The silicon content of an unknown polymer, [(CH;).(C.sH;)2-2SiO],, leads to a value for 
tage Bits unit weight, and it is then possible to assign a value to x. 
filled} Spectroscopic techniques for identifying siloxanes have recently been reviewed, the infra- __ 
red spectra of typical chlorosilanes and silicone polymers being shown.™4,5° Detailed infra-red 
com-@ spectra of the methyl hydrogen siloxanes™ and methoxy and methylmethoxy end-blocked 
t one Polydimethyl siloxanes® have also been published. The ratio of phenyl to methyl can be — ee 
The determined from the infra-red absorption spectrum; the intensities of absorption of the 

d the § CcHs-Si bond at 3-2 H, _and of the CH,-Si bond at 3-38 » have been used for this purpose . 


of 


aie into (a) fluids, ) emulsions, (c) resins and a) elastomers. The characterisation of silicone 
is Emulsions—Oil- -in-water type emulsions of silicone fluids are used in polishes and as 
orton release agents and water-repellent treatments. Such emulsions are normally examined with 
arbon a view to determining the amount and nature of the silicone fluid they contain and sometimes 
Poly- also the emulsifying agents. For a “non-active” fluid, i.e., one containing no “active” groups — 
vcieed (such as Si-H and Si-OH), the silicone-fluid content can be determined | by adding ethanol _ 
Tt and acid or alkali to break the emulsion and then spinning the mixture in a centrifuge; the 
en __ silicone fluid separates as a clear upper layer. For emulsions containing ‘‘active” fluids, _ 
Cen i the water can be removed by freeze-drying, and the fluids can then be characterised as 


_ The separation and identification of the emulsifying agents and waxes present in silicone 
emulsions, polishes, etc., is more complicated. A general method of investigation is to 
remove the water by azeotropic ‘distillation with benzene and then to allow the benzene — 
~" | solution to cool; the emulsifying agent (or part of it) may separate out and can be removed ra 

and classified by any of the usual methods.5® The benzene solution is then evaporated to 
dryness, and the emulsifying agent is extracted in 90 per cent. ethanol. Owing to the many 
” different emulsifying agents and silicone fluids used in the manufacture of emulsions, there a 
A are many variations of this procedure, and it has not so far been ind tee to develop a single — 
method that will give satisfactory results for all products. 

le d _Resins—Silicone resins are used as water-repellents, electrical varnishes, protective 

taile coatings, etc. and vary in structure much more than do the fluids. A wider variety of 
» 4 substituent groups is used to achieve certain desired properties, and the ratio of difunctional _ 
upiete (R,SiO) to trifunctional (RSiO,),) units can be varied widely. The chemical analysis of 4 
esins, resins includes the determination of “‘active’’ substituent groups, such as Si-H, Si-OH and 
mn. Si-OR, by the methods described earlier. Since some silicone resins contain fairly large 
t the organic groups and others are modified with alkyd or epoxide resins, the silicon Bon fl 
of some materials is less than 10 per For Tesins ‘Silicon is | best determined 
rectly 
efrac- 


analyst. _ Substituent groups can be identified, and, once a reference file of spectra has theso i 
compiled, it is possible to assess the ratio of difunctional to trifunctional material. The 
ispectra are best run by evaporating, at room temperature, a small amount of the sample _ 
}on a sodium chloride plate. Fig. 2 shows the spectra of two simple silicone resins; the first _ 
‘resin is based purely on trifunctional intermediates having phenyl and methyl substituent 
igroups, and the second contains some difunctional units. The much stronger absorption 
re of the first resin at 13-1 pw, , due to Si-CH,g, is immediately apparent, and the peak at 125 5 be 


due to ) Si= is obvious in the second 


values § Elastomers- chemical examination of a silicone rubber is s usually aimed at identifying 
A the polymer, the filler and any other additives present to improve certain properties, such as 
inear, § compression set and resistance to heat. If the rubber is in the raw (unvulcanised) state, 
mple, f the polymer can be separated from the filler and other i inorganic materials by solvent extrac- _ 
ner isftion. The choice of solvent | depends to : to some extent upon the particular polymer - filler ~ 
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‘Fig. 2. Infra- -red spectra of simple silicone resin based on trifunctional inter- sol 

ys a mediates with phenyl and i substituent groups; (b) resin containing some difunctional units fal 
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— 
system, but the best solvents tor general use are toluene, ethyl acetate, chloroform and diethyl 
The separated polymer can be identified from its infra-red spectrum and silicon extt 
a, i bh content. It must be remembered that solvent extraction will also remove the organic De- 
as ee peroxide vulcanising agent, and the solvent must therefore be removed at reduced pressure § PyT 
oveer-he ating willl cause some cross-linking in the polymer, that 
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thy) ae the sample of rubber has already been cured, ‘the polymer cannot be isolated by ia o 
ilicon extraction, and one must speet to de-polymerisation in order to characterise the polymer. bos 4 
panic 

ssure 

je organic materials and has described several ra of the  ualieldse - infra-red approach. a 

GA ‘general paper on the infra-red spectroscopic analysis of elastomers has been published by oy 3 


Davison and Bates,°* who describe for preparing awe of cared and uncured 


a rubber based on a of and is almost identical to 
_ § spectrum of a dimethyl fluid. The second spectrum is that of the pyrolysate of a rubber - a 
ie based on a methyl - phenyl polymer, and the absorption of the C,H,;-Si bond can be clearly — - af 


nn ae determination of silicones on fabrics is based on conversion of the siloxanes to silica . 
Niles or silicate by wet combustion with a mixture of concentrated nitric and sulphuric acids or 
mes by fusion with sodium peroxide. The amount of silica or silicate formed is converted to 
fj siloxane by multiplying the percentage of silicon by 2-64 for a polydimethyl siloxane or 3 
3 te 4 by 2-14 for a polymethyl hydrogen siloxane. It must be remembered, however, that silica oer 
_ | is a normal constituent of soil, and, if the fabric is not clean or if silicon-containing composi- = 
_ fi tions, such as talc or colloidal silica, have been used in the processing, all the silicon present 
ae f be reported as silicone when | determined by this method. Petty used wet combustion ran 
T ee to determine the silicon content of textile materials,5* but we prefer fusion with sodium 2, ae 
3 _ ff} peroxide and then determination of the silicate formed _by the colorimetric method; this 
Y iae method is preferred because siloxane may be lost during wet combustion. Other methods ot 
* |) available for determining silicones are based on extraction of the silicone by neutral or basic “a 
sacl solvents. Uncured films of siloxane can be removed by a variety of solvents, but when > a 
art the film has been cured solvent-extraction techniques can be applied only to those fabrics " 
r- |) soluble in the solvent. Watts has found that acetone effectively di dissolves cellulose acetate ae 
| fabric and leaves the siloxane sheath intact. onl 
| The silicone-resin contents of impregnated glass cloths, laminates and silicone mouldings _ 
| have been determined by extraction with diethylamine* or piperidine. The latter solvent 
is to be as it is generally a better solvent for silicone resins, rie 


CONCLUSION 


pro uses of organo- -silicon compounds are expanding considerably, and 


are 

Wag _ | it is impossible to deal with every silicone product in a paper of this length. However, an 
__ f_ attempt has been made to present the methods currently i in use for the analysis of the more > 
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The Determination of Trimethylene Glycol in Glycerol | 


fan.) tod by Gas Chromatography’ To di 
re. (Research Department, Unilever Ltd., Port Sunlight, Cheshivey 
A method has been developed for the direct determination of trimethylene 
nc., glycol in glycerol by gas chromatography. It can be used for mixtures 
meal containing as little as 0-1 per cent. of trimethylene glycol and is not subject movida sit 
mer. to interference from the impurities usually present in crude glycerol. - Once ie 
sag! __ the apparatus has been set up, the time taken for each determination is about orushan sate | ms 
Pye argon chromatograph, an accuracy to within +10 per cent. 4) 
2 of glycol content can be attained by calibrating the 

mf a PRESENT methods for determining trimethylene | glycol (propane-1 : 3-diol) in glycerol!.®.3 are 
i® not entirely satisfactory. They are indirect and subject to interference from other organic 
raat impurities in the glycerol, and some involve difference figures, so that all the analytical — 
errors accumulate in the result for the trimethylene glyco 
ee _ In principle, gas chromatography offers a simple direct ‘method for this determination, — 
ls," fas trimethylene glycol and glycerol have widely different vapour pressures at a given tem- 
F _ [perature and should therefore be easily separable. In practice, the technique used had to 
ad Tbe designed to overcome the tendency of these polar compounds to give trailing peaks, owing _ 
Ito adsorption on the column-supporting material, and to ensure that the two compounds, 
oem which have widely different volatilities, both gave measurable peaks on the recorder chart 
ihre | The method described here was designed for use with a commercial gas chromatograph — 
: ante fitted with a Lovelock argon-ionisation detector. However, in a modified form it has been 
pa used with equal success with an apparatus in which a katharometer was used in conjunction _ 


with a combustion technique, and there should be little difficulty in modifying the method — 
for use with any gas-chromatographic instrument. _ 14 Yo 
_ In the proposed method, trimethylene glycol is measured as a percentage of the total 
trimethylene glycol plus glycerol content; if necessary, however, it can be determined inde- 
| pendently of glycerol by using an internal standard. 


Trimethylene glycol can be ‘separated. on a number of 


but adsorption on the inert support, with consequent trailing of the elution peaks, can only ~ 
be reduced to a reasonable level if a polar stationary phase is used. The use of polyethylene — 
glycol 400 (obtainable from the Gemec Chemical Co. Ltd.) as stationary phase gives excellent 
results, but this compound i is not suitable for use with highly sensitive detectors at tempera- : 
tures above 80°C. Reoplex 400 (obtainable from the Geigy Co. Ltd., Manchester), a poly- 7 
ester, gives satisfactory separation : and is stable at the working temperature (120° C). “Any — 
trans-esterification that may take place between the glycerol or trimethylene glycol and the a 
stationary phase is too slow to affect the results of a determination. eh mutant al: ais weey 


u use of columns 20 to 30cm long and 2 mm permits glycerol iy in 
a reasonable time at the working temperature and of the peaks, 


Any type of detector can be used, but the choice of detector will influence experimental — 4 


procedure to some extent. In the method described below, a Lovelock argon- = 
detector is used; this is one of the simplest and most sensitive detectors and is used in a 
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416 THE DETERMINATION OF TRIVETHYLENE 

number of commercially instruments. The response of this detector is in 

‘not the same for equal concentrations of glycerol and trimethylene glycol in the gas phase, 

and the response - concentration relationship is not linear. Sensitivity factors must therefore 

be determined for mixtures of glycerol and trimethylene glycol within the range to be en- 
countered in practice. The sensitivity will vary from instrument to instrument, but the 

figures f for size of sample, ete. , given en under “ can be taken asa guide. 


__- Trimethylene glycol is determined as a percentage of the total glycerol plus trimethylene 
inn - glycol content of a mixture. As crude glycerols contain other components, it is necessary 
: to know the glycerol content in order to calculate the trimethylene glycol content. Usually 
_ the glycerol must be determined by one of the standard chemical methods, and the proposed 
procedure will then give the trimethylene glycol content. 
_ Crude glycerols from some sources contain propylene glycol (propane- -1:2-diol) as im- 
_ purity (personal communication from Mr. E. H. Evans, Lever Bros., Port Sunlight, Ltd.). 
_This compound, if present, appears as a separate peak and is eluted before the esereeaciavans 


‘The column “consists sofa a 62-cm ‘length of 2 2-mm bore capillary tubing, to > the end. of 
which is sealed an 80-cm length of 1-mm bore capillary tubing terminating in a standard B7 J 

__ Amixture containing 25 per cent. of Reoplex 400 and 75 p per cent. of Celite (60 tc to 85 mesh) | ; 
_ is prepared and heated at 200° C in a stream of nitrogen for about 24 hours to remove volatile 
materials. It is then sand into the column _ by vibration until about 28 cm of the 2-mm | vi 


Dilute the sample \ with about twice its volume of ethanol. a (This decreases the viscosity, 

so facilitating application of a reproducible amount to the column; the ethanol does not 
interfere with the determination.) Draw out a length of l-mm bore capillary tubing to 
7 make a pipette having a capillary of about 0-1 mm bore. Draw into the pipette sufficient | 
of the glycerol - ethanol mixture to fill between 11 and 15 mm of the. capillary (equivalent | 

7 a about 0-04 yl of glycerol), transfer to the column, and record a chromatogram under the 
Argon flow rate—40 to 50 ml per minute. 

Detector. sensitivity— x 10 for the glycerol peak; * 3 for the trimethylene glycol peak. 


Detector  voltage—1 250 volts. 
es Chart speed—30 inches per hour for the trimethylene glycol peak; 6 inches per hour for 


Measure the areas under the trimethylene glycol and glycerol peaks. ie ‘Multiply ‘the area 
under the glycerol peak by a factor of 3-3 x 5 to allow for the changes in sensitivity and chart | me 
_ speed. Calculate the amount of trimethylene glycol present as a percentage of the total Joan 
glycerol plus trimethylene glycol content of the mixture, and correct for the relative sensitivi- 
ties of the detector for the two compounds by means of a calibration curve — from the 
results by using of known composition. 


"PREPARED aco 


Seven prepared mixtures containing from 0-1 to 2-0 per cent. of trimethylene~ glycol 

‘were each analysed twice by the proposed et the results are shown in Table Il. 

___ The precision of the method was determined by carrying out six analyses of 0- 03- to | 
_0-05-l portions of the 1 per cent. solution of trimethylene glycol in glycerol. _ The percentages | 

_ of trimethylene glycol found were 11, 0-94, 1-01, 1-05, and 1-00 1- 01; 

deviation 0-06), 
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The elution times for trimethylene glycol and glycerol were 1-1 and 9-5 minutes, respectively ae 


glycol present glycol found, Average (B), Relative sensitivity 


025 019, 0-24 


al ‘TRIMETHYLENE G GLYCOL CONTENTS FOUND IN CRUDE GLYCEROLS 
i be Trimethylene Trimethylene = Added trimethylene 


components, except that, for the soap - lye crude glycerol, an extra peak, not produced by 
propylene glycol, was eluted before the trimethylene glycol. The water, salt,soapandother 
jimpurities present in crude glycerols did not interfere with the determination. Ls aaa 


together with other substances usually present in crude glycerols, was also analysed; the 
trimethylene glycol content found was 1-02 per cent. mi 


0-54 1-03, 1- vileotrio 55 
The chromatograms for the crude glycerols were similar | to those ‘ie Silt of pu a: 


_ A simulated soap - lye crude glycerol containing 1-07 per cent. . of trimethylene glycol, — 


most determination of trimethylene glycol in by the proposed 

method is obtained by calibrating the apparatus with known samples of approximately the — 

same size and composition as the unknown sample. The accuracy is then within +10 LO per 
cent. of the trimethylene glycol content. we hss 
_ The method is more accurate, simple and direct than are previous methods, particularly — 
when used for crude glycerols and for samples containing less than 0-5 per cent. of trimethylene © 
glycol. i ‘Itis particularly suitable when large numbers of determinations have to be carried out. _ 


It is itable when lar 7 
‘the Directors of Unilever Limited for permission to publish this paper. vt 


Cocks, L. V., and H., Soc. Chem. Ind., 1922, a, a 
2. "Lazarus, W., and Newlove, T. H., Analyst, 1955, 80, 276. 
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Mr. G. ‘said he noted that, after the glycol peak had appeared, the recorder 
speed and sensitivity were reduced. _ He asked the author to explain the reasons for this, = met 
- Begs: Mr. CuiFrForp replied that it was necessary to reduce the recorder sensitivity to keep the sient peak Mor 
th scale. It was not necessary to reduce the chart speed, but it was convenient to do so in order to make tra 
the glycerol peak sharper and easier to measure. 


Mr. Incram also asked if the author had attempted to detect and determine by this ‘method othe 
glycols, such as ethylene glycol, in admixture. 
_ ‘Mr. Ciirrorp said that other glycols could be determined by this technique if the column temperature _— 
“was adjusted to a suitable value. Under the conditions used for glycol inf? anc 
glycerol, ethylene glycol was eluted too rapidly for accurate determination, Sey 
_--s(Dr.. J. Hasvam asked if the author would indicate what the balance of the sample was in crude seat Ac 

=z Mr. CLIFFORD replied that the main impurities in crude glycerol were water, salt and ‘soap. Under a 
the experimental conditions, water was eluted very rapidly and salt and soap remained on the column. P i. 
None of these impurities interfered with the determination. Other organic impurities, such as fatty acids or _ tra 
esters of fatty acids, might be present in relatively small amounts. Such substances had been included in vol 
_ the simulated crude glycerol examined ; their presence did not affect the determination of trimethylene is ¢ 


tit 


A ‘and Photometric Procedure 


a 

etermining | Silica in Silicate Rocks and Minerals* } co 

P. G. JEFFERY+ anp A. D. WILSON 

(Department « of Scientific Industrial Research, of the Chemist, = 

* 7 A method is described for determining silica in rocks and minerals. Si 
7 — Most of the silica is removed by evaporation with hydrochloric acid and is 
volatilisation with hydrofluoric acid; the remaining traces are determined it 

in the filtrate photometrically by a molybdenum-blue method. Interference di 


_ _ by minor amounts of iron does not occur at the wavelength chosen for the fen fs 
a photometric measurement. When present in the amounts usually encoun- . 
“na tered in silicate rocks, neither titanium nor phosphorus interferes with the 


determination. The photometric determination, however, cannot be made _ 5 

oe either of these elements or iron is present in quantity. Modified procedures a 

described in which are removed from the solution before colour 


_ Tue classical method for sii silica in silicate rocks and minerals’ is long and tedious; 
it involves two or three evaporations of the rock solution to dryness with hydrochloric acid. | ; 
7 Silica in the filtrate from the second or third dehydration is recovered, together with iron, | 
aluminium, titanium and other elements of this group, by precipitation with ammonia. The 


agreement ‘that can be expected between duplicate results obtained by this method is about 


Some photometric procedures for determining silica have been applied to silicate rocks 
oe minerals.?.*.4,.5,6 These are based on formation of a yellow molybdosilicate_ complex 
or its subsequent reduction with a suitable reagent to molybdenum blue. . As: silica is the f 
major constituent of silicate rocks, generally exceeding 50 per cent. and commonly 60 to 75 per f 
cent., great care must be taken to avoid serious error. The precision is not high. Riley,‘ J 


a. example, recommends determination in quadruplicate as a means of increasing the 


precision and the accuracy. | 


___ In the method described below, most of the silica is recovered by a single evaporation 
- with hydrochloric acid, and the : small amount remaining in the filtrate from these sage te 
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metric methods and is more rapid and more precise than the classical gravimetric method. 


F July, 1960} PROCEDURE FOR ‘DETERMINING SILICATE ‘ROCKS “AND 
made of the major fraction, and, as the amount of silica in the filtrate is only about 2 to 8 mg, 


it can also be determined accurately. The procedure is more precise than are direct | = ae — 


Moreover, the separation from iron and alumina commonly use used to. determine the | “alice : 


as The fice eon ai of silica from silicate rocks and minerals by fusion with sodium carbonate 
and then evaporation with hydrochloric acid is well established.’ It was considered that 


| attempts to recover the maximum amount of silica by this method would not be justified. — 


Accordingly, in the procedure adopted, only one evaporation is made, and the dehydration 
of the silica is continued until the dark yellow colour of the moist residue has only just given 
place to the pale yellow colour of the completely dry residue. At this stage, 10 ml of concen- 
trated hydrochloric acid are added, and the separated silica is recovered and determined by 
volatilisation with hydrofluoric acid in the usual way. The filtrate from the separated silica 


| is collected in a 200-ml calibrated flask and i is diluted to the mark. _T his solution, stocomee 


well as a of ‘alien, the filtrate all or all of the ii iron, 
titanium, phosphorus and other elements present in the rock, with the possible exception of ; 
barium, which, . when the rock contains sulphur, may be largely associated with the major — - 
part of the silica. _ Of the two general methods available for determining silica photometrically, © 
attention was first paid to the molybdosilicate method, in which the yellow molybdosilicate 
colour given by silica with ammonium molybdate in acid solution is measured photometrically. — 
Under the conditions used, any phosphorus present will form the analogous molybdophosphate _ 
complex. _ When the molybdosilicate method is applied directly to solutions prepared by | 
alkali fusion of the silicate material, unless phosphorus is present in more than the usual al 


for more ‘precise work a correction may be applied (e.g., as described by Ringbom, Ahlers and. 
Siitonen®). In the filtrate from the separated silica, however, the concentration of phosphorus 
is enhanced, and interference by the yellow molybdophosphate complex cannot be neglected; 

it may be too great for the application of corrections. Further, the colour is unstable and 


| For these reasons the molybdosilicate method was was abandoned in favour of a method © i. 


based on molybdenum blue, in which the Ln =p molybdosilicate complex is reduced to give 


at about 810my. The conditions under which iron and phosphorus do not interfere with 
the determination of silica by measuring the blue colour have been investigated by Mullin — 
and Riley,’ Greenfield® and following Schwartz. 


IT 


Formation OF YELLOW MOLYBDOSILICATE COMPLEX 
Volume of Time for maximum ca 
acid optical density of yellow molybdenum blue solution 


Complex formed at dilution of 60 mi— ar 
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first ee In each test 125-yg portions of silica were taken, and 1 ml of neutral 

10 per cent. w/v aqueous ammonium molybdate solution was added. The formation of the 

yellow molybdosilicate complex was followed by measuring the optical densities of the 

_ solutions at 400 my, and the times taken to attain maximum values were noted. When fully 
formed, the yellow molybdosilicate was reduced to molybdenum blue by adding 5 ml of 

10 per cent. w/v aqueous oxalic acid and 2 ml of reducing solution. The volumes were then 

adjusted to 100 ml, and the solutions were set aside before measurement of the optical _—s 
densities at 650mp. The pH measurements were recorded to one decimal place with a es: 
_ Pye pH meter. The results are shown in Table I. It was confirmed that the pH necessary 7 

for quantitative formation of this complex"!-™."* lies in the range 0-8 to 1-7; the time required, ‘gaa 

however, was found to be longer under the more acid conditions . The concentrations of a 
ammonium molybdate solution and of hydrochloric acid appreciably affect the formation] — 


of the complex, and care must be taken to ensure that at this ee the wn of the rock solution 
is within the range stated. 


described and Brannock® ® The reagent for the reduction, intro- 
~~ duced by Lindsay and Bielenberg, contains alkali sulphite and 1-amino-2- -naphthol-4-sul- 
phonic acid. Bunting used tartaric acid to prevent reduction of the excess of molybdate 
and to suppress interference from phosphate; he stated that citric, oxalic or phosphoric acid 
was equally effective. Tartaric, oxalic and citric acids also prevent interference by small 

- amounts of ferric iron, but for larger amounts, as, for example, in basic rocks, such as basalt 

_ or dolerite, it is necessary to reduce the iron to the ferrous state before adding the ammonium 

molybdate solution. of hydroxylamine hydrochloride for this has been 


600800 


Wavelength, mp 


Fig. 1. Absorption spectra of 
solutions: curve A, 125 pg of silica; curve B, 
125 wg of silica to which 5 mg of Fe,0,, ‘as am-— 

_ monium ferric sulphate, had been ‘added. For 
both curves oxalic acid was used to prevent reduc- — 


- enhanced, and it has pce to been necessary to pay particular attention to the interference 
by iron. Interference may arise by precipitation of the molybdate reagent. This could be 
prevented by prior reduction to the ferrous state by hydroxylamine hydrochloride.* ~ We 
have found, however, that the addition of this reagent reduces any molybdophosphate 
complex formed when the rock sample contains phosphorus; it also reduces apey ¢ the optical 

densities of the molybdenum blue solutions, even in the absence of iron. 

_ In addition to interference resulting from the precipitation of ferric molybdate, ferric 
ion also in the reduction of the yellow molybdosilicate complex. Tt was found 
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bi wi that the addition of a solution containing ferric ions to a molybdenum blue solution restored 
met the yellow colour previously given by the molybdosilicate cobsporthes that subsequent 
utral (2ddition of oxalic acid reversed this reaction, 


i the§ The presence of more than a trace of iron has also ‘been found to affect the aieciytitin Be 


- the spectrum of the reduced molybdosilicate solution, even when oxalic acid is present (see Fig. 1). 


fully The addition of iron reduces the optical-density values of the molybdenum blue solutions Pa 


nl of over the wavelength range in which maximum optical density occurs. At about 650mp, _ 

then Jhowever, the two curves were found to coincide, and optical- density measurements at this” Pe 

tical wavelength were therefore not subject to interference Sem wea! 


Use 


J 

Fig. 2. Increase in optical density at at 650 mp 


molybdenum blue solution with time, different 
ME reagents being used to prevent reduction of the — iY nase 
excess of molybdate reagent: curves A and B, oxalic _ 
Saal acid; curve C, tartaric acid; curve D, sulphuric acid. ott} 
Curves A, C and D were recorded in presence of 
mg of Fe,0;, as ammonium ferric sulphate; ‘a 


60 
4 
Increase in optical | density 810 mp 
sof molybdenum blue solution with time — 
Nettered as for Fig. 2) 

In the absence of iron, tartaric, citric or sulphuric acid can also be used to prevent — 
reduction of the excess of molybdate reagent during reduction of the yellow molybdosilicate _ 
somplex; the absorption spectra of the molybdenum blue solutions were similar to that 

shown in Fig. 1, curve A (when oxalic acid was used for this purpose). In the presence of | 
iron and tartaric, citric or sulphuric acid, however, lower optical densities were recorded — 
over the complete wavelength range, and the time necessary for complete reduction of the 
yellow complex was considerably increased. This increase in time is shown for tartaric and a 
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in Figs. 2 and 3, 650 and 810 my, respectively. Measurements at 
_ wavelengths show that the reduction of the molybdosilicate complex in the presence of ironff 
and oxalic acid is more rapid than in the absence of iron, although, as noted above, the 
maximum optical-density values are the same at the shorter wavelength only. When the 
_ oxalic acid was replaced by citric acid, a curve similar to that shown for tartaric acid was} 
INTERFERENCE FROM OTHER ‘ELEMENTS— at ours 
As the titanium ion, forms a with ammonium molybdate under the acid 
_ conditions prescribed in the proposed method, possible interference was investigated by adding 
solutions of pure titanium to the silicate solution before adding ammonium molybdate reagent 


In each test, 125- portions of silica were used with 5 ml of acid 
<- solution and 2 ml of reducing solution, as described in the proposed method. © 


_ The reduced solutions were diluted to 100 100 ml before. colour ur measurement “te f 


_ It can be seen that, although interference from titanium does ¢ occur, it : is not necessary 


= the sample greatly exceeds 5 per cent. of the rock, when it can be removed from | the so solution 


with iron, as is described below. 


a Phosphorus present in solution forms a molybdophosphate complex on the addition of 


addition of the reagent and does not interfere. The possibility of interference by competition 
for the molybdate reagent remains; it has been investigated by applying the photometric 
t procedure to standard silica solutions to which various ee of phosphate had been added. 


-- molybdate reagent, but it is decomposed by oxalic acid within a few seconds of the 


In each test, 125- -mg portions of silica were used with 5 ml of oxalic acid 
$0 lution and 2 ml of reducing solution. The solutions were diluted to 100 ml 


Optical density 
rock equivalent, % at 650 my 


= 


As shown by the figures in Table Ill, does not occur at 

concentrations up to the equivalent of 10 per cent. of P,O,, but above this concentration the 

interference rapidly becomes complete, first by precipitation of the molybdate reagent and 

then by complete suppression of molybdosilicate and molybdophosphate complexes. When 

the phosphate content of the rock exceeds 10 per cent. it is not possible to determine the silica 

ba the photometric method described. 
_ When present in more than trace ; amounts, fluorine interferes with the determination oq oF 
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of the rock solution, Jo other ‘element present in silicate rocks with 


the: determination by the proposed method. The small amounts of platinum introduced — ‘i 
_ during fusion and evaporation in platinum vessels do not interfere with the determination. 
The amount of silica introduced as an impurity with the reagents should be determined 
and a correction applied to the amount of silica found. — _ With micro-analytical-reagent grade — 
sodium carbonate (M.A.R. grade, obtained from the British Drug Houses Ltd.), a reagent — 
blank value equivalent to 0-03 per cent. of the rock was obtained. Silica from the a 


AS noted above, it is possible to avoid interference bi by titanium when present in more — 
than usual amounts by removing it from the solution; interference by iron can be avoided 
similarly. Removal of these elements is recommended when a large amount of either is 
| present. Two procedures have been devised for this purpose, viz. ., extraction withasolution 
of cupferron in chloroform and alkaline fusion. — ae © 
___ Cupferron extraction procedure—To test this procedure, aliquots containing 125 wg of 
silica in 0-5 N hydrochloric acid were used, to which had been added a solution containing = 
| 20 mg of ferric oxide (equivalent to 80 per cent. of the rock) and a solution containing 2-5 mg cee 
| | of titania (equivalent to 10 per cent. of the rock). The cations were extracted by shaking _ 
with a 1 per cent. solution of cupferron in chloroform, as described by Milner and Woodhead.4 __ 
After shaking with pure chloroform to remove the excess of reagent, the solution was finally _ 
| shaken with 20 ml of m-hexane and rinsed into a 100-ml flask; the silica present was then _ 
| determined as described below. In three such experiments, optical densities of 0-328, 0-330 — 
and 0-335 were recorded for the molybdenum blue solutions at 650 my, which indicates that 


only a little of the silica had been lost from the aqueous solution and that iron and titanium i 

Alka Ikaline fusion on procedure—To t test this procedure, aliquots ¢ of the silicate solution contain-_ _ 

ft ing 125 yg of silica to which solutions of iron and titanium had been added were evaporated © 

mn off to dryness in platinum crucibles, and the solid residues were fused with a little sodium car- 

| thef. bonate or hydroxide. The fused melts were extracted with water, and the residues, consisting 

ition} of oxides of iron and titanium, were collected on small filters. The combined filtrates and — 

etric hiatus were acidified and used vay the determination of silica 7 the method described. - 


RECOVERY OF SILICA AFTER ALKALINE ee ual 
Ferric oxide added— 


mg rock equivalent, % rock equivalent, at 650 
Fusion with sodium hydroxide— 
2-5 


conectd for the reagents. 

| lM * — Table IV it can be seen that silica can be determined in the Peg after 
extraction of the alkaline melt with water. Silica was, however, found as an impurity in 
all the specimens of sodium carbonate and sodium hydroxide examined, and a } reagent bien 

The proposed method has been used for determining silica in a member of rocks, and 


the results obtained have been compared with | with results for the same rocks by the — 
or other (see Table V). wy OP dash Gat 
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a 

CgPARISON OF RESULTS BY DIFFERENT METHODS 


Morvern, Argyllshire .. -61-97* 
‘1747. Ferruginous limestone (20 per cent. Fe,O;), Warlingham, 
Quartz from vein, Daluhinnie, Invi erness~ -shire . 99-70 99 “81t 
Gi, granite Westerly, Rhode ode Island, U.S. 72-60 72-86 


1, diabase (dolerite), Centerville, , Vi irginia, U. S.A. 62-63 52-69 


+ Loss on evaporation with hydrofluoric and sulphuric acids. 

- Ammonium molybdate solution—A 10 per cent. w/v solution in N aqueous ammonia. LA. cent. 

Oxalic acid solution—A 10 per cent. w/v aqueous solution. 

Reducing solution—Dissolve 0-15 g of 1-amino-2- -naphthol-4-sulphonic acid, 0-7g of 


‘anhydrous sodium sulphite and 9g of sodium _metabisulphite in 100 ml of water. _ This 
eae should be freshly prepared each month, as it slowly deteriorates on standing. aha tas 


‘sta separation and collection of silica from silicate rocks and ae by fusion w ‘an i 


sodium carbonate and dehydration in the presence of hydrochloric acid is a well known 
procedure; it will not be described in detail here, ( 
Fuse 1 g of the rock powder ground to —70 mesh with 5g of sodium c carbonate in a 
platinum crucible, and digest the melt with water. Acidify with concentrated hydrochloric 
acid, adding approximately 10 ml in excess, and evaporate to dryness in a large platinum = 
vessel. When completely dry add a further 10 ml of concentrated hydrochloric acid and > 
sufficient water to dissolve all soluble material. Collect the precipitated silica on a small 
filter, and wash well with hot water. Determine the silica in the residue by ignition and 
loss in weight after evaporation with hydrofluoric and sulphuric — in the usual way. 


— 


dilute the solution to the mark. | Determine the minor portion of silica peesent i in this solution 
Transfer by pipette 5 ml of this solution to a 100-ml calibrated flask, and dilute to i | 
- 15 ml with water. Add 1 ml of ammonium molybdate solution, and set aside for 10 minutes 
to complete the formation of the molybdosilicate complex. After exactly 10 minutes, add 
5 ml of oxalic acid solution, gently swirl the flask to mix the contents, and then add 2 ml od 
reducing solution. The addition of reducing agent should not be delayed. Dilute - the 
“solution to 100 ml, and set aside for at least 30 minutes, but preferably for 1 hour, and then 


— the optical density of the solution in 2-cm cells on a spectrophotometer at 650 my. — 
_ If the rock material under examination contains excessive amounts of iron or titanium, 
the cupferron- extraction technique or the alkaline-fusion procedure described above (see p. 483) 


can be used to remove them, 
For the preparation of standard silica solutions a sample of quartz was cused containing more 
99-8 per cent. of silica. The solutions were prepared as described below. Fuse 1 g of the 1950, 
quartz with 5 g of sodium carbonate in a platinum crucible, and extract the melt with water. [and t 
Filter the alkaline solution into a 1000-ml calibrated flask, rinse the small amount of residue [™ @ ‘ 

7 with 2 per cent. w/v aqueous sodium carbonate solution, add the washings to the contents sae 


of the flask, and dilute the solution to 1000 ml. This stock solution contains approximately 
1 mg of silica per ml. Prepare the working solution by transferring 5 ml of this solution 
to a 200-ml calibrated flask, 10 ml of concentrated acid, and 
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1960) PROCEDURE FOR DETERMINING SILICA SILICATE ‘ROCKS AND MINERALS 485 
to the mark. If a calibration ct curve for s silica can be. prepared using 
| of this solution, but, as the optical densities of the blue reduced solutions obey the Beer- — a 
Lambert law, it is sufficient to carry out the procedure described below on a single aliquot 


Transfer a 5-ml aliquot of the working silica solution to a | 100-ml calibrated flask, a 
l ml of ammonium molybdate solution, and, after 10 minutes, 5 ml of oxalic acid solution 


above. . This optical density corresponds to 125 py 


— method for the determination of silica in silicate rocks 68 minerals has been described. 


and a -blue procedure to the few milligrams of silica 
not rendered insoluble by one dehydration in the presence of hydrochloric acid. The method © 
developed is quicker in operation and more direct than the classical procedure and is at least > 
as reliable and as accurate. It has been shown that iron, titanium and phosphorus do not 
interfere provided that the concentrations of these elements in the original material do not a%. 
exceed 20 per cent. of Fe,O,, 8 per cent. of TiO, and 10 per cent. of P,O,, respectively. _ 
Methods for removing iron and titanium from the solution before the colorimetric stage of Tr 
the determination have been described and are applicable to all silicate rocks and minerals, 
with the exception of phosphate rock and phosphate minerals containing more than 10 per 

_ Good agreement has been obtained by comparing the method described with the classical 
and other procedures. . When discrepancies have arisen, the higher values obtained by the © 

new method were preferred, as the classical method tends to give low results. Fora statistical 


treatment of this problem see, for example, Fairbairn. 


ay We ar are grateful to the Director, Geological Survey of Great Britain and the ‘ae 
ith | Government Chemist, D.S.I.R., for permission to publish this paper. _ So Pcie a 
la 1. Hillebrand, W. F., Lundell, G. E. F., Bright, H. A., and Hoffman, J. pt geet Inorganic © a 
ric ___ Analysis,”’ Second Edition, John Wiley & Sons Inc., New York, 1953. : 
am . Hedin, R., Proc. Swed. Cement and Concrete Res. Inst. No. 8, 1947. 
Shapiro, and Brannock, W. W., “Rapid Analysis of Silicate Rocks,” U.S. Geological Survey 
all 4. Riley, J. P., Anal. Chim. Acta, 1958, 19, 413. to Teall 
ind 4 5. Ringbom, A., Ahlers, P. E., and. Siitonen, S., Ibid., 1959, 20, 78. gheri 
a : 6. King, E. J., Stacey, B. D. Holt, P.-F., Yates, D. M., and Pickles, a. Analyst, 1955, 80, 441. 
7. Mullin, J. B., and Riley, J. P., Anal. Chim. Acta, 1955, 12,162. 
10n Bunting, W. Ind. Eng. Chem., Anal. Ed., 1944, 16, tots ot 
10. Schwartz, M. = Ibid., 1942, 14, 893. = 

ll. Andrew, T. R., and Gentry, C. H. R., Analyst, 1956, 81, 339 


(12. Lindsay, F. K., and Bielenberg, R. G., Ind. Eng. Chem., Anal. Ed., 1940, 10, 13; 40 460. ey deol 
‘18. H. Juday, C., and Meloche, V. W., Ibid., 1940, 12, 270. 
14. Milner, G. W. C., and Woodhead, J. L., Anal. Chim. Acta, 1955, 12, 127. 


‘16. Jeffery, P. G., “The Silica and Alumina Content of the Standard Rocks G-1 and W-1,” Jbid., in 


Dr. H. J. expressed surprise at t of silica ( (2 to 8 that was to escape 


— precipitation. _ Experience, particularly with glass analysis, showed that the amount of silica escaping 
Mee precipitation could be reduced to negligible proportions by effecting the classical separation of silica under 
ing # more efficient conditions. For instance, in the so-called “sinter” method (see, ¢.g., J. Soc. Glass Tech., © 
the 1950, 34, 2571), the sample was decomposed by fusion or sintering with only a small proportion of flux, 
ter. fand the fusion, extraction of the melt, and the evaporation and dehydration of the silica were all effected _ 
due {in a 3-inch platinum dish. These conditions promoted more efficient dehydration and separation of the 
mts | Silica, so that recovery of silica was essentially complete after the customary two evaporations with hydro- = 
rely chloric acid; the amount of silica subsequently found in the R,O, precipitate was negligible. = - 
e = __-Dr. Jerrrey said in reply that this amount of silica (2 to 8 mg) had been found in the filtrate after 

: a single evaporation with hydrochloric acid, and that the amount of silica depended to some extent upon 
ung the magnesium content of the rock, 
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486 GREE} NFIELD: A CONDUCTIMETRIC MICRO Mi METHOD 


Mr. P. Zi “Moore said that a number of workers had observed that the addition of tartaric acid to 


- suppres the formation of the yellow molybdophosphoric acid complex resulted in a fading of the yellow 

_ of the molybdosilicic acid complex. He asked if the authors had observed this effect in their use 

: of oxalic acid to suppress interference from phosphorus, or if it had some advantage over tartaric acid 
Mr. Witson replied that the fading of the yellow colour of the molybdosilicate complex was also” spiral 
“observed when oxalic acid was added to solutions prepared from pure silica. With silicate rocks, as a Mentral 
result of the presence of iron, the reduction of molybdenum blue began as soon as oxalic acid was added and conta 


was not possible to observe fading of the yellow weolour, wire ( 
4 and, | 


A Conductimetric Micro Method for Determining Carbon the ft 


method is in which the conventional absorption tube i in 
Pregl’s combustion train is soptaned by a conductimetric cell containing ata 
potassium hydroxide solution. Carbon can be determined with a repro- + 
ducibility of + 0-29 wg, which permits the carbon contents of organic ee = 
pounds to be determined on l-mg samples. The method is more accurate 
and precise than the conventional Pregl method when the latter is operated aD a 


on similar ar weights of of sample. = 2 2 


THE greatest ‘difficulty ¢ experienced by assistants when learning to use Pregl’s method for 
determining carbon! is in wiping and weighing absorption tubes. Previous experience in 
determining small amounts of carbon in silicon iron indicated that this difficulty could be 
overcome by substituting a suitably designed conductimetric cell for the absorption tube 
and measuring the change in conductance that occurred when the carbon dioxide was absorbed 
in a solution of potassium hydroxide. . It further indicated that this substitution could be 
made without any marked decrease in the accuracy obtainable with the conventional Pregl 
method, such a decrease not being acceptable. 


as It was recognised that barium hydroxide gave a greater aun in conductance when 


_ carbon dioxide was absorbed than did potassium hydroxide, but experience had shown 
_ that precipitation of barium hydroxide on the electrodes led to erratic results. It had also 
indicated the need to isolate the electrodes and to confine the electric current to a bubble-free 
portion of the electrolyte. Previous work had also shown that the principle of temperature 
compensation by means of thermistors? obviated the need for ultra-thermostats. These 
desirable features have not all been incorporated into the apparatus used by other workers 
Most of these workers were concerned with the macro-analysis of inorganic materials; f 
only Kyrukov and Rengarten* and Malissa® applied the method to micro-analysis, and only 
-_ Malissa applied it to organic compounds.® Still, Dauncey and Chirnside? and Malissa® 
advocated the use of sodium hydroxide solution as electrolyte, but the other workers used 
barium hydroxide solution. In three of the methods,’ ® cells in which the electrodes were 
isolated from the path of the bubbles were used, but in none was the electric current confined | 
_ by the use of guard electrodes. Reference cells were incorporated by some workers,®* but 
_ temperature compensation by means of thermistors was not used. The cells described were 
7 either too large*.5.*.7 or too small® to be applicable to our work and mostly did not lend f 
themselves to scaling. With one exception,® the accuracy and precision obtained were f 
_ Malissa® achieved a high order of accuracy and precision, but his method, although | 
extremely rapid, involved use of complicated apparatus. He used an empirical method of f 
standardisation and claimed that absorption of carbon dioxide, although not complete, was 
constant. It was considered more desirable to aim at complete absorption of the carbon 
a. dioxide and to standardise the cell by adding standard carbonate solution to the electrolyte, 


so avoiding loss of carbon dioxide en route, which is the ever- '-present risk when standardising 
by combustion of of standard ‘substances. 7. 
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“FOR DETERMINING CARBON IN 


A conductimetric cell partly based on the liquid - liquid extractor described by Holt rf i 


and Callow!® was designed and built; it is shown diagrammatically in Fig. 1. Gases pass 
through tube A to the bottom of the main body, B, follow a circular path around the =. 
spiral, C, and finally pass to atmosphere through tube D. In passage, the bubbles of gas 
entrain portions of the electrolyte, thereby maintaining a rapid circulation downtube E, which _ 
contains electrodes F,G and H. These electrodes, each consisting of ten turns of platinum 

wire (0-015 inch diameter) wound round a mandrel, 4 inch diameter, are fused into the glass 

and, as a final precaution against leaks, sealed with Araldite resin cured at 120°C; before 

use, they are coated with platinum black. The temperature-compensating thermistor, —  — 
the function of which will be described later, is a push fit into a polythene plug, J, which — ne 
is inserted into a B7 socket joined to tube E in a way such that the flow of electrolyte is not — 
impaired. The body of the cell, B, is jacketed and is kept at constant temperature by means 

of water from a thermostat. The cell is filled via a B7 socket and plug, K, and emptied o) 
via tap Lic As a final py pa changes in re mee od and as a means of support, 


N, fitted with — 


=Gasinlettube = Polythene plug” 
Main body of cell Filling tube 


Glass-rod spiral Tap for draining cell 
Exittube 


Side-tube 


of cell complete assembly; (6 ) "part view of side, 


__ The cell has a relatively low over-all height (43 cm) and a small working dba (16 ml), 
pnd the length of the bubble path is 100 cm; at a flow rate of 5 ml per minute, the oo of 
rontact between the liquid and the bubbles of gas is 8 seconds. The small volume and long 
ath ensure that the carbon dioxide is completely absorbed hydroxide 
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between the ‘connected outer electrodes, F and H, and the inner 
electrode, G. This arrangement confines the electrical current to tube E, the electrolyte in 
which is out of the path of the bubbles and is continuously replaced; complete circulation 
occurs every 26 seconds. All these points ensure steady readings of conductance. = = 
‘The GK. N. conductance meter had been used in the earlier work mentioned above, 
and the latest version™ was chosen for this work, as it had the required sensitivity. — The 
4 instrument (which has been described in greater detail? 1) is a valve oscillator that may be § 
— _ quiescent or oscillatory according to the state of balance of an a.c. bridge acting as a feedback 
_ channel from output to input of an amplifier. — _ The frequency-dependent arm of the bridge 
7 Seed is formed by the electrolytic cell, the capacitance component of which influences the frequency 
of oscillation, but not the condition of stability, which is governed solely by the resistive § 
‘whew of the bridge. This arrangement overcomes one of the difficulties associated with f 
the measurement of conductance, namely, that of balancing out the capacitance component 
of electrolytic impedance. Another difficulty associated with the measurement of conduc- § 
tance is the negative temperature coefficient of resistivity of electrolytes. The effect of this f 
has been overcome by including the thermistor, which also has a negative temperature co- f 
7 _ efficient of resistance, in one arm of the bridge. In this way, the resistance of the arm is 
-= to vary, as does the cell resistance, with temperature. Over-compensation by the ther- 
- mistor is avoided by including a resistor in parallel with the thermistor, thereby ensuring fairly J 
- accurate compensation over a range of approximately 1°C at any selected temperature. § 
_ This temperature having been decided, the conductance meter is used to measure the con- § 
- ductance over a range of cell temperatures, different resistors being placed in parallel with J 
_ the thermistor; one value of resistance will give the required temperature. Thereafter, the 
- temperature of the water passing through the jacket is maintained within 0-5° C of this tem- 
_ perature by means of a simple circulating thermostat. — Fig. 2 shows the variation in con- 
* ductance with temperature, with thermistor compensation. _ The decrease in conductance, 
_ the reasons for which are not understood, is corrected for by assuming it to sich linear with time. 


Fig. 2. Effect of temperature on conductance, with thermistor compensation: 


and cooling curve uncorrected for decreased conductance; O, heating and cooling curve en, 


As it is normally impracticable to include a thermometer in the cell, the conductance 

_ Meter was modified to permit temperature measurements to be made with the thermistor. 
By suitable switching, the cell is replaced by a fixed resistance, and the resistance in parallel 
with the thermistor is disconnected. The resistance of the bridge arm containing the 
_ thermistor then varies with temperature, and this resistance can be found by balancing the 
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CARBON IN ORGANIC Ea 
bridge. In this way, once the thermistor has been calibrated in terms of degrees Centigrade: 
by reference to a thermometer in the cell, all subsequent measurements of temperature can 


_ The rest of the apparatus consists of a a normal Pregl train, with the addition of a longer 


U. tube containing soda asbestos in the purification train, an external tube containing man- | 

| ganese dioxide™ in place of Pregl’s lead peroxide and a four-branch stopcock between the 

| conductimetric cell and the tube containing manganese dioxide in the absorption train. —__ 
| The purpose of the four-branch stopcock is to ensure, by turning the tap through 90°, ‘that | Meine 


oxygen flows through the cell when the combustion tube is open to the atmosphere. It is ta 


Two facts considering the calibration of the cell: (a) a 
of carbon dioxide will replace an equivalent amount of hydroxyl ions and (5) the greater oe ; 
the number of replaced hydroxy] ions, relative to the total number present, the greater the 
sensitivity. The volume and normality of the electrolyte therefore determine the sensitivity, Se 
and the accuracy with which the volume of added electrolyte is measured determines the eu : 
_ accuracy obtainable with the apparatus. The measured conductance of the electrolyte is 
independent of total volume, provided that the concentrations of potassium and hydroxyl | ee 
ions remain constant. Any change in conductance must be caused by the replacement of ents 
_ hydroxyl ions by less-mobile carbonate ions. Such replacement can be achieved by absorbing ea 
carbon dioxide or by adding carbonate ions, yan equivalent amount of potassium ions and the 


water necessary to maintain the original normality, 


The cell can therefore be calibrated by adding an 1 amount of 0-05 N potassium carbonate, 
xml, to the original volume of 0-05 N a y ml, and correcting by a 

factor, ———> to give the ‘effective addition, ——— ml. This produces a 


po in ‘conductaiice, owing to the apparent replacement of hydroxyl ions by carbonate 


ions, equal to the change in conductance that would have occurred if an equivalent amount _ ‘ 
of carbon dioxide had been absorbed in y ml N potassium hydroxide. The is 
therefore calibrated as described below. 


PROCEDURE FOR CALIBRATING CELL— Mag 


| Remove tube A and spiral C from the cell _ Wash 1 them = the cell with distilled water, 


and dry by means of a current of air. "(Drying is best carried out by directing a stream 
of compressed air through an L- -shaped glass tube, one arm of which is approximately 40 cm 
ort and the other 0-4 cm; this tube is eyes up and down and around the dyn. of the cell. g 


Assemble the cell, attach to the train, the 

cell at 5 ml per minute. _ Add from a calibrated pipette exactly 16 ml (or another measured a 
amount sufficient to cover side-tube E) of 0-05 N potassium hydroxide, ensure that water 

at the chosen temperature is circulating through the jacket of the cell, and balance the bridge. © 
When the readings are steady, add, from a micrometer-syringe pipette previously calibrated _ 
by weighing on a microbalance the water ejected from it, 0-5-ml portions of 0-05 N potassium " he 
carbonate until the level of filling tube K is reached. Balance the bridge after each addition, — 
and note the ohmic change, which is directly proportional to the conductance. = = = fo 
j _ Table I shows calibration results so obtained, and all measurements are expressed as 
_ milligrams of carbon per indicated ohm. The factor 0-00295 mg of carbon per ohm is operative _ 
up to 2 mg of carbon, after which the ohm - carbon relationship ceases to be linear. This . 
allows the carbon dioxide from at least two 1-mg samples, depending on the carbon content, 

to be absorbed in one filling of the cell. agents tol 


Wash and dry the cell, and fill it with 0-05 N potassium hydroxide as described above. © a 
Ensure that oxygen is flowing through the cell, that no 10 electrolyte has entered tube A or — 2 x 
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“bubbles, and then « continue as in Pregl’ Ss say of 
Table II of to a sample of benzoic acid. 


initially carbonate amount of -diference bridge bridge 


in cell om — (x), carbon, difference, difference, 
0-000 0-000 00, 00, -0-00000 
Yo ne 49.1, 4900-00296 
= 410 138-3, 138: ee. 139-4 00205 
02180, 2196 000295 
3-486 0-860 289-0, 289-4, 291-4 000205 
327-2, 327- 
359-9, 358-8 . 
889-9, 388-9 
1-226 412-9; 413-2 8 000205 
Mean . 0-00295 
a ‘The drift of the conductance meter with a fixed resistor in place of the cell was 1-2 ohms § 
3 it in 19-5 hours. The total drift (with the cell in place of the fixed resistor and oxygen flowing — 
through the train) was, after the stabilising period, not measurable over the next hour. 


These values were ignored, as they did not exceed the reproducibility of the er) 
which is approximately +0-1 ohm and corresponds to +0-29g of carbon. 
The proposed method has been applied to various organic compounds; the results ‘ee 
benzoic acid (theoretical carbon content 68-84 per cent.) were— 
found, % .. 693 68: 0 686 685 «687 69-1 68-3 (Mean 68-9) 
i of the carbon content of benzoic acid were made the 


— for the carbon contents of some other tes are shown in Table III. as rr 

The standard deviations mentioned above show that the proposed procedure is inherently — 

‘more accurate and more precise than the conventional Pregl method. By weighing 1-mg 
samples on a sub-micro balance, it should be possible to equal the spreniora yf of the 
conventional method operated on 5-mg samples. 


— 


PIMETRIC MICRO METHOD jul 
4 
4 
| 
a 

1 

a “oy Sas ona l-mg sample; the standard deviations obtained were 0-25, 0-98 and 0-31 per cent., § 
et _ The values for bias were 0-01 (+0-08), 0-67 (+0-31) and 0-02 (+0-10), respec- 


Ale. 


With oxy gen flowing throu gh by- at 5 ml ym op 
With oxyg 6 through by per minu 


Place boat and sample in combustion tube, and tude, Coolcom- 


1:3 


(620 Switch off short furnace, and move to beginning of travel. Switch Oi i. 


5 ml per minule— 


With oxygen n flowing through by-pass at 5 ml per puto Wo 


ar CARBON CONTENTS OF “VARIOUS ‘COMPOUNDS 1h bedi vial 


of was used for each determination 


_ The sensitivity of the ‘proposed method could be — by using a less concentrated 


| solution of potassium hydroxide or a smaller cell. it should be possible to usegthe method 

| Future work in these laboratories will be towards applying the method to 
determination of hydrogen in organic compounds; it is thought that the water from the 


Pregl train may be absorbed in easily hydrolysable materials and that the resulting change aD 


_ I thank R.I.M. Foster, , who carried out most of the experimental work, C. + Brierley, 
E Hobbs and R. A. D. Smith for their se and advice. I also thank Mr. H. K. eck 
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Th he. Quantitative Determination of Low 
Warfarin ‘in Aqueous Solutio on on 

Previous methods for detecting 3- (a-acetonylbenzy])- -hydroxycoumarin 
in tissues or body fluids have been qualitative only. A procedure is described eae 2 


by which concentrations greater than 6-6 wg per ml can be quantitatively 


is well established, and it is normally used in the form of a bait containing 0-005 or 0-025 per 
cent. of warfarin in oat flour or other cereal bases.1_ This work was undertaken in order to 3 
develop a method suitable for the quantitative determination of low concentrations of warfarin — 
in the tissues, urine and faeces of experimental animals. Methods for detecting and deter- 
mining warfarin are based on one of three procedures, viz., determination of its characteristic. 
absorption spectrum after extraction by suitable solvents, 2,3,4 polarographic determination — 
based on the formation of iodoform dependent on the presence of acetyl radicle® or use “a 


the Folin and Ciocalteu reagent. The first procedure forms the basis of methods already — 10 
described for determining much higher concentrations of warfarin in bait.7* The only be 
procedure so far applied to samples containing trace amounts of warfarin is that —— BR 
by Garner, ° which is ; based on preliminary extraction as described by Erwin, Schiller and s 


used to identify por the presence of warfarin, and we have attempted to modify the Ta tof 
___ Biological material contains substances capable of interfering w with precise measurement, 
2 and it is therefore essential to establish the accuracy of the method by the level of recovery 
: i from standard solutions of warfarin. Only this stage of the investigation is reported here, | 


and the work described relates to solutions containing from about 1 to about 35 BE of f * 

0 
The proposed procedure is based on the cha ultra- violet w: 

i warfarin; this spectrum has maxima a 306, 272 and 283 my, the last-named peak being ac 

the highest. The positions of the peaks and the ratio of one to the others are characteristic, J to 
and this factor is valuable in confirming that only warfarin is measured in extracted material. Bo, 

_ Standard solutions containing 1-03, 6-6, 11-6 and 18-2 mg of warfarin per litre in 0-5 N Sp 


‘sodium hydroxide were prepared. In addition, a solution containing 35-8 mg of warfarin | 
per litre was prepared in N sodium hydroxide; before use, 10 ml of this solution were diluted 
with 10 ml of water, so giving 20 ml of a solution 0- 6 N in sodium hydroxide, 7.e., a concen-_ 
4 tration similar to that of the dilute solutions. This was intended to 
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FARIN IN AQUEOUS OLU 
“id "comparable recovery: experiments at a later stage when 10 ml of urine or extract of tissue a 
th were used in place of 10 ml of water, the concentration of sodium hydroxide remaining _ 


Warfarin—The compound obtainable from Abbott Laboratories. Ltd., London, 
3 _ was dried at 100° C and stored in a desiccator until required. After being dried for 16 hours 
om at 100° C, the warfarin had a purity of 99 per cent. or more and melted over the range 159° to- 


163°C; the extinction coefficient t of an ethanolic: solution was 438, measured at 283 
= hydroxide, 05 N- 


Sulphuric acid, 2 N—Prepared from analytical tcal-reagent gra grade material. 


Sodium solution, 1 per aqueous—Prepared | from 


—s 95 per cent. v/ v—The grade prepared specially for spectroscopy was used. 


Aluminium oxide—The grade obtainable from the British Drug | Houses Ltd. for chromato- — 


A 20-ml portion of the solution of w in 0- 5 N sodium hydroxide ¥ was by 
pipette in a 100-ml stoppered flask, 25 ml of diethyl ether were added, and the solution was 
acidified with 2 N sulphuric acid. (The necessary volume of acid was previously determined P= 
by blank titration, methyl orange being used as indicator.) The stopper, greased with sili- 
_ cone stopcock grease, was inserted, and the flask was shaken mechanically for 20 minutes. he 
wrens og mechanical shaking at this stage is essential, otherwise extraction will be incom- 
plete.) _ The contents of the flask were carefully poured into a tapered 100-ml separating — 
funnel and allowed to separate completely. The aqueous layer was withdrawn, returned 
_ to the flask and re-extracted twice by shaking mechanically for 10 minutes with 25-ml portions _ 
of diethyl ether. The ethereal extracts were mixed and successively extracted with two 
10-ml portions and a 5-ml portion of 1 per cent. sodium pyrophosphate solution, the vessel 
being shaken by hand with a swirling motion for 5 minutes on each occasion. The sodium 
bed [| Pyrophosphate extracts were combined, acidified with 2 ml of 2 N sulphuric acid and then 
and successively extracted with two 10-ml portions and a 5-ml portion of chloroform, the vessel _ 

3 is again being shaken by hand for 5 minutes on each occasion. The chloroform extracts were q 
ure combined and allowed to dry overnight in contact with 5 g of anhydrous sodium sulphate. 
oh — lhe dried chloroform solution was filtered through an 1l-cm Whatman No. 40 filter- -paper 
ent, into a dry glass-stoppered 100-ml flask. The flask, filter-paper and sodium sulphate were — 
ery rinsed with three 5-ml portions of chloroform, the washings were added to the original 2 
ere, [| Chloroform solution, and the total volume was reduced to about 5 ml by evaporation in 
__ The chloroform solution was then plow on a column consisting of 2g of aluminium he 


also placed on the column. The column was washed with 40 ml of diethyl ether, and the E 
__& ether was removed by applying positive pressure to the top of the column. The warfarin 
Tum was eluted by passing 10 ml of 95 per cent. ethanol acidified with 1 per cent. of glacial acetic 4 


to the top of the column. A portion of eluate was transferred to a 1-cm silica cell, and 


rial. § optical- -density measurements in the range 265 to 315 mu were made with a Unicam SP500 

5N tttrsinarese am containing 1 per cent, of glacial acetic acid was used as — ; 
ited 

cen-— ness ¢ 


b - The results of separate determinations at five different concentrations of warfarin are _ 
—_ in Table I, the optical-density readings at each of the three maxima — given. 


RESULTS AND DISCUSSION OF THE METHOD 
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these the concentration of warfarin can be calculated from the value 
of the extinction coefficient (Ej%,,), and the anpoeaty. from the original solution can therefore 
_ be expressed as a percentage. 
_ _ From the results in Table I it can be seen that recoveries were reasonably satisfactory 
from solutions containing 6-6 to 35-8 wg of warfarin per ml. The results for the solution 
containing 1-03 yg of warfarin per ml, however, indicate that the method is not quantitative 
at this level. Nevertheless, the ratios of the three maxima are close to the theoretical, and 
it is therefore reasonable to suppose that even at this dilution the method could be used for | 


RECOVERY OF OF WARFARIN FROM STANDARD SOLUTIONS 


in solution, — sample, recov wered, 


0-148 0-154 192 


58 (0-462 127 96-2 


0-505 
0-489 0-540 0-460 
‘oo 
(1180 116 


ae . method is quantitative at concentrations down to 6-6 ug per ml in 20 ml of solution, 
and, provided that interfering substances can be removed, such a concentration could pre- 
; sumably be determined in urine or extracts of tissue. This shows promise, since, if a dog, 
for example, were used as experimental animal, the amount of warfarin determinable in 
anormal daily output of urine (about 400 ml for a small animal) would be of the order of 5-3 mg. 
ea an amount is well below the toxic level for this species and in fact approximates to the 


used on a kilogram- bodyweight basis for anticoagulant therapy in 1 man. 


wt: We thank the Universities Federation for Animal Welfare for ‘supporting this work and 
Proto A. N. Worden for suggesting the problem. pane 
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_Spectrophotometry 


Division of Plant I ndusiry, Canberra, A.C.T., Australia) s3 Laup 
mak _ The results of studies of the interferences likely to be encountered from HM) 
aluminium, , phosphate, silicate and sulphate when extracts of soils in N trystal 
-ammonium chloride are analysed for sodium, potassium, calcium and mag- 
nesium by atomic-absorption spectrophotometry are reported. A comparison 
‘has been made between strontium and lanthanum as suppressors of these i 
‘eS _ interferences, and strontium was found to be the most efficient. Suppression © 
ne was satisfactory when 1500 p.p.m. of strontium were present in solutions. __ 
The method is sufficiently sensitive for all four elements to allow analysis 
200-ml extracts of 10-g portions of soil without preliminary concentration ; 
red dilution of the solutions is often necessary. j= 
othoqes _ The lower limits for reasonably accurate determinations when an air- 
; pe KO "a acetylene burner of length 2-7 cm is used and the beam from the spectral- a 
_ ca discharge tube passes through the flame once are 0-1 p.p.m. of sodium, — fovee' 
: an 05 p.p.m. of magnesium, 0-1 p.p.m. of potassium and 0-2 p.p.m. of calcium eed 
ress Recoveries of added sodium, potassium, c: calcium and 
satisfactory, and results by atomic- -absorption spectrophotometry agreed with adt 


EARLIER and current methods for determining the exchangeable cations Nat, ‘K+, Ca 


_ and Mg*+ in extracts of soils in ammonium chloride or acetate solution include flame-emission oa 
spectrophotometric and Lundegirdh flame-emission techniques for all four elements, flame- 
_ photometric emission techniques involving use of filter photometers for sodium, potassium 
= calcium, gravimetric or volumetric techniques for all four elements and titration with g 
ethylenediaminetetra-acetic acid for calcium and magnesium. 
the Lundegirdh technique,’ calcium can be determined on a 4-fold dilution of a 
— 1000-ml extract of 20 g of soil. For the determination of sodium, potassium and —— 
however, 18-fold concentration of such an extract is necessary. Interference by aluminium — 
on calcium emission is overcome by adding strontium to the solutions. Flame-emission 
techniques are similar in character to the Lundegiardh method. __ 
_ Extracts can be analysed for sodium, potassium and calcium by flame-emission methods ; 
= use of filter photometers without preliminary concentration of the — d+ 
Emission analyses for magnesium, however, are not carried out with filter photometers, the 
"reason being either that ultra-violet filters isolating the magnesium line at 2852 a are not 
available or that magnesium is insufficiently sensitive in emission. When filter photometers 
are used for emission analysis, steps must be taken to avoid interference from extraneous 
-tadiation passing through the filter in addition to those necessary to avoid interference 
“resulting from chemical combination with extraneous elements in the sample. 
a The presence of lanthanum or iron in the analytical solutions is said to overcome .chemical — a 
interference from phosphate and sulphate in the flame-emission determination of calcium,? 
and Williams* has shown that lanthanum is effective in overcoming chemical interference — 
from silicate and aluminium with calcium emission. An examination of the mechanism of 
_ chemical interference in flame-emission analysis, which would also be relevant in absorption, 
The principal difficulties involved in gravimetric and volumetric methods such as those 
_ described by Piper® are their complexity and the large scale on which they must be performed, 
| owing to the low concentrations of these elements in the extracts. 
Procedures for exchangeable calcium and titration v with 
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of the the necessity of magnesium and the 
of interference from aluminium and iron. __ 
_ The aim of the work described in this paper was to examine the application o of atomic- 
absorption spectrophotometric apparatus®:’ to the determination of 
and magnesium in extracts of soil in N ammonium chloride. 
4 


APPARATUS— 


‘The apparates used was similar to that 8 It differed in n having 
a quartz lens placed between the light source and the flame and a second lens between od 
flame and the spectrograph slit® and in the use of an E.E.L. atomiser - burner assembly 
vans Electroselenium Ltd.) adapted to operate on a mixture of air and acetylene; the 
length of the burner opening was 2-7 cm and its breadth was0-5mm. The air and acetylene 
_ pressures were adjusted to give a clear blue flame having an inner cone about 1-5 mm high 
and were kept constant at these pressures (17 Ib per sq. inch and 20 cm of water, respectively) 
during the measurements of absorption. The height at which the beam from the spectral 
_ lamp traversed the flame was 6 mm above the burner top in all the work described, and the 
length of the light path through the flame was about 27cm. vee 
_ Argon-filled hollow-cathode discharge tubes were used as light sources for calcium and 
_ magnesium. A Mazda 40-watt sodium-vapour lamp and a Wotan 15-watt potassium-vapour 
_ lamp, operated at 0-91 amp, were used as light sources for sodium and potassium, respectively. 
_The calcium and magnesium lamps were modulated at 50 cycles, and the sodium and potassium 


— 


The widths of both entrance and exit slits were 0-1 mm for or sodium, calcium and mag- 
nesium and 0-2 mm for potassium. An R.C.A. 1P28 photomultiplier tube was used to detect 
the sodium doublet at 5890 and 5896 A, the calcium line at 4227 a and the magnesium line 

at 2852 A and an R.C.A. 1 P22 tube was used to detect the potassium doublet at 7665 and 7699 a. 
_ The signals from the photomultiplier tubes were fed to an a.c. amplifier, the output of aa | 


__ Optical density, resulting from absorption i in a flame of the resonance ime. of an element : 
. is approximately proportional to the concentration of the element in solutions free from — 

ions. The relationship between optical density and is ‘given 


in which d is the density a is absorption. 
procedure used for atomic- -absorption me measurements Was as described 
‘Table I howe the results of three separate experiments carried out to determine the 
= of interference by phosphate, aluminium and silicate on the absorption of calcium 


the solutions were calcium chloride, magnesium chloride, -orthophosphoric acid, aluminium 
chloride and sodium silicate. These results show that ammonium chloride afforded con- 
siderable protection against interference with calcium absorption by silicate, but had little 
effect on interference by phosphate and aluminium. Further, phosphate, aluminium and 
silicate interfered less with magnesium absorption than with calcium absorption in solutions 
The results of an experiment to determine whether or not the presence of calcium 
protected magnesium from interference by phosphate, aluminium and silicate in both water J 
and N ammonium chloride are shown in Table II. Comparison of the results in Table II — 
with those for magnesium in Table I indicates that the presence of calcium afforded slight 4 
protection to magnesium against interference by phosphate, none against interference <i 
aluminium and considerable protection against interference by silicate. 
_ Tests in N ammonium chloride to determine the effects of low concentrations of ice: ' 
- and bicarbonate on calcium and magnesium absorptions showed that up to 400 P-p-m. of — 
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poTAsstUM, AND MAGNESIUM IN SOILS 


b bas 8 "to I 


OF PHOSPHATE, ‘ALUMINIUM, SILICATE AND AMMONIUM CHLORIDE 


ATOMIC ABSORPTION OF CALCIUM AND MAGNESIUM 


— Interfering 
vadicle = ammonium 
present, present, pre: 


sent,* chloride, water, chloride » water, 


Magnesium 


9 
£0 


= 


(58-0 


. 80-0 

10-0 ‘0 

_ + * Concentrations of phosphate and silicate are expressed as P oat ‘Si, respectively. 
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EFFECTS OF PHOSPHATE, ALUMINIUM “AND SILICATE ON ATOMIC 


OF MAGNESIUM IN ABSENCE OF CALCIUM ured 


= 
Phosphate Aluminium on Silicate mom 
present, ri) present, present, * 


rt 


= ae 
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_ bicarbonate ion had n no ) effect on ‘the e determination of 8 and 40 { pp p. m. of calcium or 4 and 20 


a p-p.m. of magnesium, but that there was some interference by sulphate, as shown in Table II]. 
— - Variation in the concentrations of phosphate, aluminium, sulphate and silicate from 
P zero to 160 p- p.m. each of phosphorus, aluminium and sulphur and 64 p.p.m. of f silicon 
in N- ammonium chloride had no effect on the absorption of sodium or potassium. — These 
tests were carried out at concentrations of 2 and 10 p.p. m. . of sodium and 4 and 20° P. P- m 
Magnesium present, Sulphate present,* Absorption of 


solutions Containing calcium— 
 6l- 0 
& = 


28-5 
= 


aa Experiments were carried out to compare the efficiencies of stron- 
_tium, according to the literature the most efficient suppressors of chemical interference in 
emission analysis, in the suppression of interference by phosphate, aluminium and silicate 
7 cy calcium absorption; the results are shown in Fig. 1. These experiments and all those 
subsequently described were carried out in N ammonium chloride. 
_ From the curves in Fig. 1, it appeared unlikely that lanthanum or strontium would 
a? "suppress the combined interference with calcium absorption of 160 p.p.m. each of phosphorus 
and aluminium and 64 p.p.m. of silicon until a high concentration of lanthanum or strontium 
was reached. The effect of 1500 p-p.m. of strontium on each of these interfering elements 
was therefore tested separately, and the results are shown in Table IV. A concentration of 
1500 p.p.m. of strontium was chosen because it was the lowest concentration at which the 
curves for strontium were reasonably flat and parallel (see Fig. 1). Since lanthanum was 
less effective than strontium in suppressing interference, its use was not examined further. 
__ The results in Table IV indicated that phosphate was the constituent that prevented the 
curves for strontium in Fig. 1 from converging to coincidence and that the presence of 
1500 p.p.m. of strontium would be satisfactory for controlling interference by phosphate 
up to about 50 p.p.m. of phosphorus. As the results in Table IV indicated greater inter-| 
q ference by phosphate in presence of 1500 p.p.m. of strontium than was evident from the curves] 
for this concentration of strontium shown in Fig. 1, the effect on the calcium absorption of| 
&g increased concentrations of phosphate when 160 p.p.m. of aluminium and 64 p.p.m. of silicon) 
were present in the solutions was tested. Under these conditions, control of interference by 
e with the calcium absorption of solutions containing 8 and 40 p.p.m. of calcium 
was good up to a concentration of 80 p.p.m.of phosphorus. 
_ The presence of 1500 p.p.m. of strontium was shown to control interference by sulphate 
_ with the calcium absorption of solutions containing 8 and 40 p.p.m. of calcium ‘up t bi a 
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OF ALUMINIUM AND SILICATE ON ATOMIC “ABSORPTION. 


‘CALCIUM IN 


present,* 8 p.p.m. of 


ey 


Nil 


No interference from phosphate, aluminium, silicate or sulphate, present together or 
separately, with the atomic siecention of magnesium was observed when 1500 p.p.m. of — 
strontium were present in the solutions. The solutions used contained concentrations of 


=> 


th. 


‘Fig. Effects of lanthanum and strontium on the interference ot ‘phosphate, aluminium 
_and silicate, in N ammonium chloride solution, with the atomic absorption of calcium: O, 40 p.p.m. 
of calcium; @, 8 p.p.m. of calcium. _ Broken-line curves denote absence of phosphate, aluminium 
and silicate; full-line curves denote of 160 p. p.m. of 160 p. m. of aluminium 


and 64 P. m. of silicon 
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500 DAVID: THE DETERMINATION OF OF EXCHANGEABLE soprum, 

10-g sample of each of fourteen soils 

-g sample of each of fourteen soils was extracted wi ammonium chloride to 
a a final volume of 200 ml of extract, and pairs of aliquots of the extracts were taken. One 
~@ each pair was diluted with a solution of strontium chloride in N ammonium chloride: 
the other was equally diluted with N ammonium chloride containing strontium chloride, 
calcium chloride and magnesium chloride, so that the final concentration of strontium in 
each solution was 1500 p.p.m. and the added concentrations of calcium and magnesium 


were of the same order of magnitude as those already present. A single set of atomic- ff P-P- 
_ absorption measurements for calcium and magnesium was then made on each solution, § ¢a¢! 
standard solutions of calcium and magnesium in N ammonium chloride containing 1500 p.p.m. § mea 
of strontium being used. The results of these sia emeaaciel are shown in Table VV. fF 
RECOVERY OF ADDED CALCIUM AND MAGNESIUM FROM EXTRACTS OF ‘SOILS a 
N AMMONIUM CHLORIDE BY ATOMIC ABSORPTION oad 
_ Each ch solution contained 1500 p.p.m. of strontium ; the concentrations of calcium won | with 
magnesium added were 10 and 3 p.p.m., respectively etha 
extract Calcium Calcium Recovery Magnesium Magnesium peri 
Soil diluted to initially found after of added initially found after ofadded and 
No. addition, calcium, present, addition, 1 volu 
196 tert 99 alg 00 q 100 ator 
235 107 4 475 stro 
8 196 96 1035 13:40 
15-0 98 2-00. mae 
10 150 88. 1:90 4 5-00 103 sodi 
1960 102, 6-90 10-00 103 chlo 
13 180 103 4:10 
- Similar recovery experiments were carried out for ‘sodium and potassium ; the results i 
are shown i hown in Table VI. 
Sint 


TABLE ‘VI 


RECOVERY OF ADDED SODIUM. “AND POTASSIUM FROM EXTRACTS OF SOILS : 
In N AMMONIUM CHLORIDE BY ATOMIC ABSORPTION 


Each solution contained 1500 p.p.m. of strontium; the concentrations of sodium and 
> potassium added 3 and 6 p.p.m., »Tespectively 
Soil diluted to initially found after ofadded initially found after ofadded 
ml, present, addition, sodium, present, addition, "potassium, 
5 125 102 39 | 98 92 | $877 
9 735 95 
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The reproducibilities of t 
are applicable to the work described here. The eneptiine of solutions containing 0-5 a 
ide. #5 p-p-m. of sodium were 11-97 + 0-34 per cent. and 58-32 + 0-29 per cent., respectively; 


those of solutions containing 1 and 10 p.p.m. of potassium were 10-17 + 0- 61 per cent. —_ mn 
56-45 + 0-46 per cent., respectively. Conversion of these atomic-absorption values to con- 
centrations by means of a calibration graph gave, respectively, 0-5 + 0-025 and 5-0 + 0-044 
p.p.m. of sodium and 1-0 + 0-075 and 10 + 0-18 p.p.m. of potassium. (The variations are Be ee 
standard deviations of single determinations, based on “twenty” atomic- | 


_ Calibration points for all four elements showed little or no deviation from smooth curves, 
and the graphs were similar in form to those previously obtained.®: 


-— Ten-gram: samples of each of six soils previously analysed for sodium, potassium, calcium : 4 p 
sad magnesium by the gravimetric and volumetric methods described by Piper’ were extracted 
with 40 per cent. aqueous ethanol to remove soluble salts and then extracted with absolute iy ‘ 
ethanol. After drying, the samples were dispersed in 50-ml portions of N ammonium — 
chloride, placed in a water bath at 70°C for 1 hour and shaken intermittently during this 
period, and then set aside overnight at room temperature. The mixtures were then filtered, 
and the residues were washed with small portions of N ammonium chloride until the total _ 
volume of each combined filtrate and washings was 200 ml. These solutions were analysed _ 
for calcium, magnesium, sodium and potassium by atomic absorption. For calcium and ay 
magnesium, aliquots of the solutions were mixed with N ammonium chloride containing oa 
sufficient strontium chloride to give a final concentration of 1500 p.p.m. of strontium, and sa 
atomic-absorption measurements were made against standards containing 1500 p.p.m. of 
strontium in N ammonium chloride. For sodium and potassium, the determinations were 
| carried out inabsenceofaddedstrontium. $=  ##= = 
_ The results of analyses of the extracts of these soils for sodium, potassium, calcium and 
magnesium by atomic absorption, gravimetric and volumetric methods and results for : 
sodium, potassium and calcium by a flame-photometric emission method® in which lanthanum 


chloride was used to suppress interference are shown in Table Vil. totes ere 


"Interferences from phosphate, aluminium, silicate and sulphate with calcium and mag- — 


nesium absorptions were found to be similar to those encountered i in emission analysis and — 


flame are formed. " Comnpaninon between strontium, first suggested by Mitchell and Sabet 
son!° for the suppression of interference by aluminium with calcium emission, and lanthanum, _ 
shown by Yofé and Finkelstein? to suppress interference from phosphate and sulphate, indica- 
ted that strontium was more efficient than lanthanum in suppressing the combined interference © 

from phosphate, silicate and aluminium with calcium abewepiion under the conditions described. 


presence of 1500 p.p.m.. of strontium, as ‘the concentrations of these ions present in extracts 
of soil in N ammonium chloride are sufficiently less than the maximum concentrations 3 

which interference with calcium absorption can be controlled. Williams* stated that 200-ml _ = 
extracts of 10-g portions of non-gypseous soils would generally contain lessthanlto2p.pm. 
each of phosphate, sulphate and silicate and that up to 100 p.p.m. of aluminium might be | 
present. The presence of up to, 19-8 milli-equivalents of exchangeable aluminium per 100 g 
has been reported in some Ohio soils," and an extract of such a soil would contain 100 p.p.m. a, 
of aluminium. However, this is well below the maximum concentration of aluminium | 
(160 p.p.m.) for which interference with calcium absorption i is suppressed by the presence 


_ In atomic absorption, when a modulated source of end light is used, no interference 
jarising from flame-emitted light is possible. This is true regardless of whether or not a mono- pS ” ; 

chromator or filter is used to isolate a line. The agreement between emission flame- -photo- : 


‘§ metric and atomic-absorption results evident in Table VII suggests that, in emission flame- _ 
es analysis, accurate correction can be made for the passage through the filter of 
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_ extraneous light from common elements known to be present. © Howev er, inaccurate emission 
- flame- -photometric determinations would result from the unknown presence of one of the 
rarer elements emitting light that passed through \ the filter. _ According to Bond and Stace,” | 


prov 
Mr. 
resu 


the presence of one or more of the elements lithium, potassium, rubidium, caesium and calcium =} 
can interfere with the emission flame- -photometric determination of sodium because their a 
radiation passes through the appropriate filter. Radiation from sodium and potassium has 5 
_also been reported to interfere with the determination of calcium.*» 
4 


_ 


gravimetric flame- ~emission volumetric atomic- 
method, milli- method, milli- method, milli- method, milli- 


equivalents per equivalents per equivalents per 
Element 100 g of 100 g of air- 100 gofair 
determined dried soil driedsoil. ried soil 
242 


Sodium _ 


161 


Potassium 


The results in Tables V, VI and VII indicate that atomic- -absorption measurements by 
= proposed method for sodium, potassium, calcium and magnesium in extracts of soils in 
ammonium chloride are reliably free from interference by extraneous elements. 
= ‘When the atomic- -absorption method is used as described, analysis of soils for all to 
. exchangeable cations without prior concentration of the extracts is well within the limits 
of sensitivity of the apparatus, and the use of a light path through the flame longer than 
27cm is unnecessary. — Indeed, dilution of the extracts is often necessary to bring the 
7 concentration into the sensitive regions of the calibration graphs. As it is necessary to work 
at such low concentrations, care must be exercised in guarding against contamination. This 
is particularly important when determining sodium, the concentration of which is generally 
low in soils, but high in laboratory environment. 
‘Sufficient sensitivity for exchangeable sodium, | potassium | and ‘calcium is generally 
attainable by emission flame-photometric methods, but more reliable and, if necessary, more 
sensitive determinations of these elements are possible by atomic absorption. The high 
‘sensitivity of magnesium in absorption makes possible rapid, : reliable and accurate deter- 
of all four elements by using a single instrument. 
‘thank Mr. A. Walsh, C.S.LR.O., Division of Chemical Physics, for the electronic f{finis 
equipment us used, ‘Mr. H.C. ‘Stace and Dr. | Dr. C. Ss. CSL R. O. Division of Soils, for grap 
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providing the sieutin of soil and the chemical results for them shown in ORE noah 
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The Determination of Niobium in Titanium Ores and | 
By L. A. BALCHIN anp D. I. WILLIAMS 


> J (Laporte 2 Titanium Limited, Stallingborough, Lines.) 4 Bev 
red A rapid method £ for determining niobium in titanium ores and pigments — 


has been developed. ‘It involves preliminary separation of niobium from 

titanium and iron by solvent extraction with isobutyl methyl ketone from > - 
wen hydrofluoric - sulphuric acid solution. The niobium is removed from the | 
‘a at solvent by shaking with an aqueous solution of hydrogen peroxide, After bing 
suitable concentration, the niobium is determined polarographically, with 
concentrated hydrochloric acid as base electrolyte; tantalum does not gary 
4 with this determination. The accuracy of the method has been confirmed = 


by X-ray fluorescence spectroscopy, 


brief résumé of the polarography of niobium in various media 
included, and extension of the proposed method to many other materials 

THE determination of niobium by the thiocyanate method? and by paper chromatography? 

il four @has already been | described. However, the thiocyanate method is not practicable in the 
limits § Presence of titanium, and, when applied to titanium ores and pigments, paper chromatography 
r than §S lengthy and necessitates frequent preparation of standards. It was therefore clear that 
ig the preliminary separation of niobium from titanium and iron was necessary. Milner, Barnett — r 
work 20d Smales* described a method for determining niobium in uranium- and zirconium-based 
~ This alloys; the procedure involved solvent extraction with tsobutyl methyl ketone from a solution — “4 
nerally § / in sulphuric acid, 10 M in hydrofluoric acid and 2-2 M in ammonium fluoride, conditions a 
Blunder which niobium was quantitatively extracted. However, the niobium contents deter- __ 
nerally §™ined by these workers were greater than 1 per cent., and a gravimetric finish was particularly i 
- more §4ppropriate, especially as the alloy was readily soluble, so that a larger amount of sample _ 
high could be used for the lower concentrations of niobium. 
deter-B The niobium content of titanium ores and pigments rarely exceeds 0-5 per cent., as 
and | 'Nb,O,, and the tantalum content rarely exceeds 0-1 per cent., as Ta,O;. Further, ‘the 
___ amount of sample that can be conveniently dissolved is only about 1-0 ge. A gravimetric © 
ctronic §finish was therefore unsuitable , and we decided to investigate the possibilities of a tore 
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AND WILLIAMS: THE DETERMINATION on 
> jee ‘The procedure already ‘described? was used, with only minor modifications necessary 


:_ : to suit the smaller amounts of niobium to be extracted. When the amount of niobium 


extracted was plotted against the time of shaking for a single extraction, the graph showed 

that, after 5 minutes, 95 per cent. of the niobium present was extracted for the range 0 to 

2-5 mg of niobium pentoxide. One re-extraction was used as a Procedure. 


had at our disposal a Cambridge pen-recording polarograph with a attach- 
‘ment for a.c. polarography. (Polarograms obtained normally are designated d.c. and those 
obtained by using the Univector attachment are designated a.c.) A survey of the literature 

on the polarography of niobium revealed that only limited success had been achieved and 
that difficulty in keeping niobium in solution restricted the choice of base electrolytes. Elson‘ 
found difficulty in analysing d.c. waves for niobium in oxalate and tartrate solutions, since 

_ they almost coincided with the wave produced by discharge of hydrogen. We tried dilute 
nitric acid and obtained a poorly defined wave for niobium in a base electrolyte 0-35 N in 

: bees acid; attempts to improve this by varying the concentration of acid were not successful. 

: With nitric acid as base electrolyte no improvement was obtained by a.c. polarography, § 
e niobium wave again merging with that produced by discharge of hydrogen. In a paper 
on square-wave polarography, Gokhshtein® commented that niobium and titanium were 
reduced at the same potential in dilute nitric acid; since some titanium was expected to be 
present in the final solution, nitric acid media were therefore not suitable. = = 
- Experiments in 23 N sulphuric acid confirmed previous observations that the wave 
produced by niobium in d.c. . polarography was poorly defined. _ Although no reduction of 
niobium in dilute hydrochloric acid has been reported, the ‘element is extremely stable in 

_ concentrated hydrochloric acid, owing to formation of a complex. Elving and Olson* 
observed a reasonable d.c. wave in this medium, and we carried out further experiments. 

_ After careful de-oxygenation by bubbling hydrogen through the solution for at least 5 minutes, 
a d.c. wave having a half-wave potential of about —0-26 volt against the mercury-pool 
electrode was obtained. Although this was a much better wave than any previously obtained, 
its upper portion was affected by the hydrogen discharge. However, a.c. polarography 
produced an extremely well defined peak having a maximum at about —0-26 volt against 
the mercury pool. A two-fold increase in sensitivity was also noted, and the effect of oxygen 

4 was greatly reduced, so that it was necessary to bubble hydrogen through the solution for 

Polarograms obtained | by both procedures are shown in Fig. 1. wt 

Progressive decrease in the concentration of hydrochloric acid resulted in | gradual defor- 

1 ‘mation of the wave and a shift to a more negative potential; below 9 N the wave is virtually 

a non-existent (see Fig. 2). Polarography of different amounts of niobium in concentrated 

_ hydrochloric acid established the complete additivity of the a.c. wave, and we decided to 
§ combine polarography and solvent extraction to produce a method for determining niobium. 


An interesting feature of the a.c. polarogram shown in Fig. 1 (0) is the appearance of a second 
peak almost immediately after the first. _ The height | of this | ee is try the same as that 


reduced to Nbur, This agrees with and Olson’s results. 


in the final solution, vente, arsenic, antimony, selenium, tellurium, tungsten, ‘molybde- 
‘num, rhodium, germanium and tantalum being partly extracted; owing to contamination, 
small amounts of titanium and iron may also be present. 
__ These elements were tested for interference at a concentration of 1 mg per 25 ml of 
final solution. Titanium, iron and molybdenum produced no peaks at this concentration; J 
the peak for tungsten merged = the second peak for niobium, but did not affect the first § 
peak for niobium (see Fig. 3a). Arsenic produced a small ill defined peak before the first peak 
_ for niobium and a second peak me merging with the second peak for niobium um (see Fig. 4a). Age 
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NIOBIUM IN TITANIUM ORES 


a well defined peak at about 13 volt the me mercury 
and this could affect normal measurement of the first peak for niobium. However, if ——— 
- peak for niobium was measured from the zero point on the polarogram and allowance was 
made for a small blank reading, accurate results could still be obtained (see Fig. 4b). Further, | 
the level of antimony tested was far in excess of that normally found in titanium ores and — 
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Fig. (a) D.c. polarogram for niobium in concentrated hy acid ; (b) a.c. Polarogram 
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Fig. % in n hydrochloric acid at different 9N; 


‘Vanadium a peak that completely merged with the wave for 
“(see ‘Fig. 3b), which made it impossible to measure the height of either the first or second — 
peaks, However, the vanadium contents of titanium ores and pigments (generally less than d. 
0-2 per cent., as Vv 20;, and less than 10 p.p.m., , respectively) are not sufficient to affect the © 
-Tesults, as less than 10 per cent. of the vanadium present is extracted under the conditions — 


No peak was found for tantalum in the medium used. 
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nions—The only other anion present \ was » Which \ was without effect an 
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thene separating funnels should be of the most transparent type available. by 
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Hydrogen peroxide, 10-volume. 
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AND WILLIAMS: THE 


H 'ydrofluoric acid, 40 per cent. Wh 


Hydrochloric acid, concentrated. 


a 
isoButyl methyl hetone—Laboratory- reagent grade. 


‘a _ Acid mixture—A solution 6 M in sulphuric acid, 10 M in 1 hydrochloric acid and 2-2 M 


Solvent mixture—isoButyl methyl ketone equilibrated with the acid mixture. 


Standard niobium solution—Dissolve 0-5 g of spectrographically pure niobium pentoxide | 
in a little 40 per cent. hydrofluoric acid, add 2 ml of 98 per cent. sulphuric acid, and evaporate | be 
until fumes of sulphur trioxide are evolved. Cool, add concentrated hydrochloric acid, 


transfer the solution to a 100-ml calibrated flask with concentrated hydrochloric acid, and 7" 


dilute to the mark with this acid. 
ml = 0.0005 g of Nb 205- 


Potential senna mercury. 
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a Potential against mercury- mercury- ry-pool it 


‘Fig. 4. Polarograms sh (6) | on ‘niobium waves 3 


Dissolve 0-5 g of the finely ground ore or pigment in 40 j -— cent. hydrofluoric acidin § 

a platinum dish (see Note) ; the amount of sample used should not contain more than 2:5 mg 
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a Nb Evaporate to small volume @ to 3 ml), ‘cool, and toa a polythene 150-ml 
separating funnel with 25 ml of acid mixture. Add 25 ml of solvent mixture, and shake ee 
for 5 minutes. Run the lower acid layer into another polythene separating funnel, wash 

the solvent layer with two 5-ml portions of acid mixture, and add the washings to the main 
portion of the acid layer. _ Add 35 ml of solvent mixture to the acid solution, and again ~ 
shake for 5 minutes. . _ Reject the acid layer, wash the solvent layer as before, and reject the © 


Combine the solvent layers, and shake with a further 25-ml portion of 10-volume hydrogen 
peroxide. Add the hydrogen peroxide layer to the contents of the platinum dish, and reject 
the solvent layer. Carefully evaporate the combined hydrogen peroxide extracts untilfumes _ 
of sulphur trioxide are evolved, taking care to minimise losses caused by rapid decomposition 
of the hydrogen peroxide. — _ Drive off the sulphur trioxide, and heat to remove ammonium salts 
and organic matter, but do not calcine. “Dissolve the residue, mainly Nb,O, plus Ta,O,, 
in 5 ml of 40 per cent. hydrofluoric acid, add 1 ml of 98 per cent. sulphuric acid, and evaporate 
until dense fumes of sulphur trioxide are evolved. Cool, cautiously add 5 ml of concentrated 


hydrochloric acid, transfer to a 25-ml graduated flask with concentrated hydrochloric acid, 


Pour the solution into a polarographic cell, : and bubble a steady stre stream of nitrogen or | 


hydrogen through the cell for 2 minutes. Record an a.c. polarogram (sensitivity 1/30, 

damping 4, range X1/0, start potential zero against the mercury-pool electrode). Measure 

| the height of the peak for niobium above the preceding minimum, and refer it toa previously 
prepared calibration graph. 

_ Notse—For samples not readily s soluble i in hydrofluoric acid, 0-5 g can be conveniently fused with 

1-5 g of anhydrous sodium carbonate; the melt is readily soluble in hydrofluoric acid. Greater dilution 


is necessary to keep the sodium fluoride in solution, but sufficient sulphuric acid and ammonium 
arta can be added to this solution to give it the composition of the acid mixture. 
| PREPARATION OF CALIBRATION GRAPH— & 
| Place 1-, 2-, 3-, 4- and 5- aml portions ol in separate 25-ml_ 
| calibrated flasks, add 1 ml of 98 per cent. sulphuric acid to the contents of each flask, and — 
dilute each solution to the mark with concentrated hydrochloric acid. Record a polarogram — 
for each solution as described above; typical results were— 2 tit aaa 


extraction process with a sample of pure titanium dioxide to which the 
equivalent of 0-2 per cent. of pure niobium pentoxide had been added. The niobium 
pentoxide content of the mixture was determined in triplicate by two different analysts; | 


found A% . 6. -198, 0-206, 0-206 (mean 0-203) 
‘ 


10- volume hydrogen peroxide, and combine the peroxide layers in a 200- ml platinum dish, * at 


__Nb,O, content found by analyst B, to «+ 0-190, 0-200, 0-195 (mean 0-195) 
_ As a further check, British Chemical sedate sample No. 246, a steel stated tocontain 
0-82 per cent. of niobium lus tantalum (0-02 per cent. of tantalum), was analysed by the 
proposed method; the niobium content found, as Nb,O,, was 0-79 percent. = © 
A series of samples, the niobium contents of which had been determined by the proposed a = 
method, was also analysed by an X-ray fluorescence method. A graph of the peak height 
found for niobium by X-ray fluorescence against the percentage of niobium pentoxide found 7 
by the polarographic method was linear and passed through the origin, thereby indicating — 
the of the proposed method. 
We thank Dr. A. J. E. Welch, Imperial College, London, for the use of the X-ray 
Dnemenasini spectrograph, Mr. J. T. Richmond, Research Director, Laporte Titanium Limited, | 
for help and encouragement in this work and the directors of Laporte Titanium Limited for 
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(Water Examination Department, D Metropolitan Water Board, Rosebery. Avenue, London, E E.C. C.1) - 


ond 4 Development D Division, Baird & Tatlock Lid., 1417 St. St. Cross Street, it 


a _ Amodified and somewhat simpler automatic titrator recently added tothe — 

al Analmatic range of instruments is described. The burette and meniscus- 

finding mechanisms have been replaced | by a glass syringe, the piston ~ = a | 

which is moved by a motor-driven lead-screw directly geared toarecorderpen. = 

The titration selected was the determination of the dissolved-oxygen content ff 

of water by a modification of Winkler’s method. The dissolved oxygen ieanages® 

_ could be determined every 5 minutes over the range 0 to 15mg per litre, 

_ the free iodine in solution being found by amperometric back-titration. All aes : x 

Ste 


= operations from the taking of the sample to the recording of the result on a 
strip-chart recorder and cycling for repetitive determinations are automatic. 7 BT) 
_ Given simple routine maintenance the instrument functions unattended. 
: _ During several months of field trials at a reservoir, a full series of manual — 
_ determinations was made for comparison with the automatic determinations; — = 
94 per cent. of the comparisons agreed to within + 0-1 = of oxygen per litre, 
and the remainder to within + 0-2 mg per litre. 
The instrument is readily adaptable for any ‘‘dead- -stop”” titration. 
Provision is also made for including a pH unit, hence further extending the on 
Yange of possible titrations, 
- many industries titrations are used for monitoring or eunneia of processes. . When the 
results are required at specified and perhaps frequent intervals, there are obvious advantages 
in using an instrument that will repetitively take samples at required intervals from one or 
Bere. sources, perform the titrations, record the results and, if necessary, initiate appropriate 
- control adjustments on the plant. The Analmatic range of instruments includes automatic 
titrators!.?.3 used in various industries where all these comprehensive functions are needed. | 
_ There are, however, occasions when only a graphical record of the repetitive titrations is 
wanted and when extreme accuracy is unnecessary. . The instrument described in this paper | 
has been developed to meet such a need and is capable of a variety of applications employing § 
methods involving pre-set pH, “dead-stop” and other potentiometric end-points. 
It differs mainly from the standard Analmatic automatic-titrator in that the burette 
system and the travelling photo-electric meniscus-finding mechanism are replaced by an 
_ automatic motorised titration pipette. Essentially, this is a glass syringe in which the piston 
_is moved by a motor-driven lead- -screw directly geared to a recorder pen. The deflection 
- of the pen is therefore proportional to = piston travel and hence to the volume of titrant J 


 * Present address: | Imperial Chemical Industries Ltd., Paints Division, Wexham ‘Road, Slough, Bucks. 
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Saree: middle compartment, recorder, with space for pH unit; lower 

left compartment, reagent and titration pipettes and titration vessel; lower _ 

right compartment, control panel and gear 
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July, 1960) APPLIED TO — FOR DISSOLVED 0: YGEN 

_ Extensive field trials of the instrument were made at the Metropolitan Water Board’s — 


King George VI reservoir at Staines 1 in Middlesex during 1958, as part of the Board’s pro- ee 
gramme of limnological research. The particular problem involved fluctuations in the 
dissolved- -oxygen content of the water at various depths, and a full account will be published 
elsewhere. The instrument was arranged to determine dissolved oxygeh every 5 minutes — c. 
over the range 0 to 15 mg per litre. A modification of Winkler’s method was used, and the 
free iodine in the solution was determined by amperometric back-titration. A full series 
of manual determinations over the range 0 to 11 mg of oxygen per litre was made for com- — 
parison with the automatic determinations; 94 per cent. of the comparisons agreed to within 
+0-1 mg per litre, and the remainder to within per litte 
| A small portion of one of many records is shown i in Fig. 1; the instrument was sampling 
|] from the thermocline - hypolimnium interface. Two major “ waves” of oxygen content with © 
superimposed short-period oscillations can clearly be seen. - Information on such variations — ~ 
‘| in dissolved-oxygen content is important in the management of sand filters. If water were ih 
being drawn from a reservoir at the particular level and in the environmental ae: se 4 


avoid cross-references ond repetitions, the main and 1 
of the complete instrument are described separately. Readers unfamiliar with the when ; 
principles involved in an automatic cyclic analytical procedure may find it useful first to 


read the sections on ‘‘Sequence Control” (p. 511), “General Description of Sequence’  (P. 512) 
The instrument is an -Anslmatic automatic titrator arranged for the Winkler titration, 5 

but titrating the excess of sodium thiosulphate with potassium iodate solution. The final 
form of the instrument (see Figs. 2 and 3) incorporates a few modifications that arose from _ 

the extensive field trials. Provision exists for omitting the operation of any reagent pipette, 

so making the instrument readily adaptable for any other “dead-stop” titration. The 
inclusion of a pH unit in the space available beside the recorder allows the instrument to - A 


| The concentrations of the reagents used were those recommended for the azide mor modifica ¥.- 


tion of Winkler’s method,® with three exceptions— 
(a) ‘The concentration of f sulphuric acid was decreased to 75 per cent. viv i to — 

a The sodium thiosulphate solution was instead of to seduce 


— 


All reagents except the alkaline iodide solution are dispensed through standard Analmatic - 
pipette units (see Figs. 3and 4). The body of the pipette, A, consists of the barrel and piston 
of a modified hypodermic syringe fitted to a valve block, B, drilled with entry and exit — 
channels for the liquid. Two diaphragm-type valves, C and D, electromagnetically operated, 4 
are attached to the block. When the flexible diaphragm of the entry valve, C, is retracted a 
thereby overcoming the closure pressure of the spring behind it, reagent from the reservoir 
mounted above the pipette enters the barrel, and the hydrostatic head (equivalent to approxi- ; 
mately 4 feet of water) raises the piston to the movable stop, E, the 0 of which is set 


REAG GENT AND ‘TITRATION PIPETTES— 


switch by the piston head causes the entry valve, C, to close and the exit valve, D, to open, . a 
so allowing the reagent to be discharged through the exit port by the downward fall of the — 
piston. (The hollow interior of the piston is appropriately weighted with shot or mercury 
in order to increase the rate at which a is discharged.) When the piston has fully 
descended, its head closes a contact switch, F, which causes the exit valve to close and so 
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‘The alkaline iodide solution is viscous, and ‘this conned | 
4 of the pipette in cold spells, as the instrument was installed in a small unheated building § 
Further, if the instrument was not used for some days, the solute tended to crystallise§ 
i these reasons another form of pipette (see Fig. 5) was used for the alkaline iodide. The 
_ syringe barrel and piston and the two contact switches are replaced by a fixed pipette, A 
_ and two probes, B and C, the upper probe, B, being adjustable in height. When the liquid 
wakes contact with the tip of the upper probe, it completes a circuit and causes the entry 


wr 


"pressure ‘ applied through the side- -arm of the pipette. _ (The pressurising system is also 
connected to the reagent reservoirs serving the other standard pipettes, so adding an effective 


hydrostatic head and permitting the reservoirs aa — housed in the a section of the instrument 
instead of above it. ) 


= 


— 


Liquid 


"Pipette 
Valve block 
Electromagnetically operated, valves 
ie The | titration pipette is similar to the other standard wit, cent that the piston is 
4 oultie weighted nor free, but is driven by a thrust-bar travelling on a lead-screw. The 
_ motor drive to this lead-screw is controlled by the end-point detector (see p. 513). The gearing 
used is such that approximately 2 drops of titrant are added per second. _ To refill the pipette 
_ the motor is reversed so that the thrust-bar retracts the piston. = Pea ee 
The materials of the valve blocks and — are appropriate to the reagent b being 
dispensed ; the details are shown i in Table I. 
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2 Alkaline iodide solution 


acid Polytetrafluoro- Butyl rubber faced with 
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AND ) TITRATION ‘VESSEL— 


valve and overflow port. The lid of “vessel has entry ports, fitted with O- 
sealing glands, for the reagent jets, platinum- probe level and end-point detector electrodes. 
The contents of the vessel are stirred with a rigid poly(vinyl chloride) paddle mounted | 
diagonally across the vessel and directly driven, through a sealed gland, by a a motor mounted 
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m “Fig. 5. Pipette for v viscous liquids tot 

Sample i is admitted into the the bottom of the mixing a mounted in the lower 
stim of this vessel. The volume admitted is controlled at 200 ml by the level probe. — 


‘These jets are made from capillary y tubing (2 to 3: mm internal diameter) drawn fe 7 
to 1-5 mm diameter and extend into the vessel to a position cay" Koy rene level, but — 


The sequence of operations is controlled by means of a sieiinit Ghenke: 25- -position | 

Uniselector in conjunction with G.P.O. relays (type 3000). A self-contained 50-volt dic. 
‘gearing power pack supplies the requirements of the sequencing circuit and solenoid-operated valves. : 
pipette The titration sequence is divided into eighteen separate operations, each having a ‘corre- 
«sponding position on the Uniselector. Mostly, the completion of one operation energises ; 
nt being§ the Uniselector coil, thereby moving forward to the next position . Certain operations 


_ | however, are, timed by using a aye relay chain (see “Timing 1 Unit," P 618). 
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the aie valve in the lower part of the vessel. During the first ‘operation ‘the vessel i is 
filled to just above the normal working level. The second step continues the admission of 
_ this wash water, but also energises the stirrer motor and drain valve. The flow through the 
_ drain valve is faster than the inlet flow, and the level slowly falls until the appropriate timing 
~~ steps the Uniselector to position 3, when only the drain function continues, allowing 
a On position 4, 200 ml of sample water are admitted to the vessel, this volume being 
measured by allowing the vessel to fill until a probe is just covered. The probe circuit 
‘comprises two platinum-wire probes protruding into the vessel, one near the bottom and 
the other vertically downwards from the lid; the latter probe is adjustable (see Fig. 5, in 
which a similar arrangement is shown). ~ The two probes are connected electrically in series 
with a source of direct current, limiting resistors and the coil of a sensitive polarised relay. 
_ When the two probes are electrically connected by a conducting liquid (most tap and natural 
waters conduct sufficiently), a small current passes and causes the contacts of the polarised 
_ relay to close. These contacts operate a second relay, one set of contacis in which shorts 


out the probes, thereby preventing any appreciable electrolysis, and . further set gives a | 
step signal to the Uniselector. 


On position 5, the first reagent pipette is filled with 2 ml of manganous sulphate so solution, 
are added to the sample on position 6. 
On position 7, the probe circuit described above is transferred to two platinum lal 
ais the second reagent pipette. Alkaline iodide solution enters the pipette, and its filling 
_ to 2 ml is detected by the probe circuit, which causes the Uniselector to step on to position 8. § 
On this position, , alkaline iodide solution is expelled from its pipette into the contents of 
the titration vessel by the application of air pressure. The decrease in pressure as the 


pipette and its jet are emptied of liquid causes a pressure-sensitive switch to operate and mov re 
the Uniselector to the next position. 


a On position 9 the stirrer motor is | given a short pulse (sufficient to mix the contents 
of the titration vessel thoroughly without causing excessive turbulence), and the mixture is 
then allowed to settle for a timed period to ensure complete reaction. Positions: 10 and 11 
_ monitor the admission of 2 ml of sulphuric acid from the third reagent pipette. A short 
period of stirring is incorporated on position 12 before an excess of sodium thiosulphate 
solution is added from the fourth reagent pipette (positions 13 and 14). A delay period 
(position 15) then allows the electrodes to polarise fully (see “End- -point Detector and 
a Titration of the excess of sodium thiosulphate takes place on position 16, and a delay 
_is incorporated to ensure that the true end-point is reached. The titration-drive motor is 
{ revers ed on position 17 to refill the titrant pipette with potassium iodate solution and retrace 
the chart pen to the zero position on the recorder (see “Recorder,” p. 513), the thrust-bar 
_ actuat ing a micro-switch at the top ofits travel. The micro-switch energises ; a a relay, contacts 
in which break the supply to the drive motor and provide the step signal. we ot! Jo nee 
_ The titrated solution is drained from the vessel in position 18. At the completion of 
_ the timed period provided for this operation, , the Uniselector steps to position 19. Here, 
_ the pressure in the pressurising system is checked, the circuit being such that, if the pressure- 
7 - sensitive switch indicates that pressure has failed, the Uniselector will not step on and the ; 
fault alarm is operated (see “Fault Alarm,” p. 514). 
a Positions 20 to 23 inclusive are not used, and position 24 is used only on a “shut-down § 
cycle,” é.g., when the start switch is operated to the centre “orF’’ position (see “Reset and 
= start switch,” p. 514) during a cycle, the instrument completes that cycle in the ordinary 
way and ultimately waits on position 25, after position 24 has become operative. Here, J 
during a timed period, water is allowed to fill the titration vessel to the overflow port, thereby 
_immersing the jets. This prevents crystallisation from taking place at the tips of the jets” 
containing manganous sulphate ¢ and alkaline iodide solutions if the instrument is left i Rinopere 
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to Ro-liet SEQUENCE OF OPERATIONS | ae AAA. 


tage 

5 ‘Fill pipette with manganous sulphate solution .. 

Discharge manganous sulphate solution to titration vessel . Bottom switch 

_ Fill pipette with alkaline iodide solution .. .. .. Probe relay 
wag Discharge alkaline iodide solution into titration vessel .. Pressure swith ~ 

9 Stir momentarily, and allow to settle ag relay 

10 _ Fill pipette with sulphuric acid Top switch 

wet Discharge sulphuric acid into titration veasel 2 ulT- Bottom switch 

Fil pipette with sodium thiosulphate as ‘Top switch 

Discharge sodium thiosulphate solution into titration vessel Bottom switch 

pipette with potassium ioda iodate ‘solution, and return 


pen to zero Micro-switch relay 
18 ‘Drain titration vessel . ab} Mle Jani Timer relay 


_19 Check pressure .. Pressure switch 
20 to 23 Blank positions . . 


his is a standard British Sonceboz No. 336, with a movement. 
The chart is 10 cm wide, and a pen is driven across it by a lead-screw mechanically geared 
to the titration drive; full-scale travel is equivalent to 10 ml of potassium iodate solution. 
The line recorded on ‘the chart is therefore a measure of the volume of titrant dispensed 
and the dissolved-oxygen content is proportional to the volume of thiosulphate used (a 
constant, K) minus the volume of titrant, T. The volume K is made equal to the volume > 
represented by the full width of the chart, and, as the volume T is read to a peak from the — 
left-hand side of the chart, the ——w from the right-hand edge to the peak is directly 

POINT DETECTOR A\ AND ELECTRODES— 


a response to a titration ‘with: ‘potassium iodate solution than to sodium 
thiosulphate solution. After the addition of sodium thiosulphate solution on position 14, 
therefore, a delay is incorporated on the next position to allow the electrodes to polarise 
— before proceeding to titrate with potassium jodate solution, 

_ A balanced system involving a double triode is used to detect the change in voltage 
Lsiaal at the electrodes when the end-point is reached. The two coils of a sensitive — i 
polarised relay are included (one in each anode lead), and contacts of the relay control the > 
end-point relay, RE, the contacts of which control the motor-drive relay and a a further — an 


The excellent response and stability of this system control the titration to a high degree — 7 
if 


- This capacity- delayed relay chain consists of four 25K relays, RTA, , RTB, RTC and 
t RTD, and is terminated by a fault relay, RFA. _ The fall-off time of each relay is con- 
tinuously variable between 4 and 15 seconds, so that the timing chain can be adjusted to | = : 
[suit the particular sample- and drain-flow rates, etc. encountered. The supply to telay B 
| is fed through a contact of relay A, the supply to Cc through a contact of B, and soon. Each 
. f peration of the Uniselector fully resets this chain. The initiating supply to relay A is - 
broken, and relay A falls off after the pre-set time has elapsed, thus breaking the supply to 
| Telay B, which in turn falls off, and so on. Timed operations are controlled from contacts 
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ELLIOTT AND OATEN 


‘The fault relay, RFA, also” delayed, is operated by the fall-off of RTD. (This delay 
* oF ____ All triggered operations must therefore finish within this total time, otherwise a fault 
is signalled. On positions 16 and 17, however, contacts of the motor- -energising relays keep 
the chain alive because of the length of time needed to titrate and refill. . Should the titration 
pipette travel full length without an end-point having been reached, the thrust-bar operates 
micro-switch, which allows the fault relay to come into operation. a. 
7 _ When the fault alarm operates, the 50-volt d.c. supply is cut off, shutting the instrument 
down to a safe condition and also itumineting a red lamp and | sounding a } @ warning bell. — 
= Search s switch—This 24-po -position switch is ae so that, when the switch and Uninelecte 
_ positions are coincident, a white indicator lamp is illuminated ; the sequence step can therefore 
_ be determined without reference to the titration panel. As the Uniselector has 25 positions 
and the search switch 24, two of the unused positions of the former are wired to one position 
of the latter. Hence, position 25 of the Uniselector corresponds to Position 24 of the search 


7 Ifa fault dev elops, as the instrument shuts down in this fault position, the switch permits 


the trouble to be immediately located. 


Step switch—Operation of this ‘switch causes the Uniselector to home to coincidence 
with the search switch, which can then be used to control the sequence - manually. 7 
fault system is inoperative under manual control. “ere, 


on Reset and start switch—This is a combined switch, biassed to a centre “OFF” position 
_ from the ‘ ‘RESET”’ ’ position only. This arrangement ensures that, once reset, the instrument 
remains in the “watt” position until positively restarted. In the “START” position, the 
Uniselector is stepped from “‘waIT”’ to position 1, thus beginning a cycle. If the switch is 
left on, the cycle repeats automatically. — Switching off during a cycle causes the instrument| 
to stop and wait on position 25 after completing that cycle in the normal way, 
Mute switch j is to silence the fault-alarm bell once it has attracted 
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at the isoelectric point.1 The dye or one of its derivatives might therefore have a strong affinity 
for some nascent precipitates, with the likelihood of a measurable change in colour. This possi- We 
To 6 ml of sample solution add 0-4 ml of a 0-01 per cent. solution of dibromofluorescein 7 
+ 0-001 M alkali, mix, add 0-4 ml of 1 per cent. v/v acetic acid, and mix again. Suecessively — ' 
add 1, 2and 4 drops of a 0-34 per cent. solution of silver nitrate, mixing after each addition. — os 


“Measure the colour of the solution at 550 mp or with use of a green filter at 30-second or 


minute intervals from the addition of dibromofluorescein. _ Rinse glassware with 
ammonia after every second determination, 


7 The calibration curve does not rise above the base-line until 0- 4 p.p. m. of chloride ion is ~ i 
present; this corresponds to the calculated solubility of silver chloride under these conditions. Pe 


initial sensitivity i is then | about the same as that fo for the ‘but 


ten rapid determinations « on a ‘solution containing 1 p.p.m. of chloride gave a value of 1 + 0-05 
p.p.m. The method was developed for air samples and is applicable only to neutral unbuffered — 
solutions containing no colloidal material or ions (other than chloride) forming insoluble silver 
salts at the working pH; the presence of up to 0-2 per cent. of sulphate or nitrate is tolerable. 


Samples from bubblers through which London air has been passed must be boiled to expel sulphur 7 


2. Swain, J.S 
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DETERMINATION OF ASCORBIC ACID IN HIGHLY COLOURED ‘SOLUTIONS 


: HE presence of pigments, especially those absorbing light at about the same wavelength as a a 
2: 6-dichlorophenolindophenol, may interfere with the determination of ascorbic acid when a 


| dye i is used, so that direct measurement of the decolorisation of the dye, either visually* or spectro- 


photometrically? is impossible. — “Ascorbic acid can be determined in pigmented material by using 


2:6- -dichlorophenolindophenol in an electrometric procedure, 3 but specialised apparatus is required. — 
Another modification is the use of an organic solvent to trap the excess of dye during titration a ae 
and hence to indicate the end-point,‘ but, if mixing is inadequate, dye may enter the organic — 3 
phase without having reacted with ascorbic acid in the aqueous phase and so give falsely low — 
Oxidation of ascorbic acid by ‘N-bromosuccinimide is a satisfactory method for 
ascorbic acid, and the reagent, unlike 2; 6-dichlorophenolindophenol, is unaffected by reductones, __ 
teductic acid and iron salts.5 Excess of N-bromosuccinimide is detected by the liberation of — 
iodine from potassium iodide in acid solution and formation of the blue colour with starch, but 
pigments also interfere with this end-point. With pigmented material, the liberated iodine can 
conveniently be detected by an organic solvent when the ascorbic acid present has been. preferen= 
tially oxidised. Ths modification was tested by using blackcurrant juice, as this material is 
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"ments at this wavelength are made in the -spectrophotometric method? and also in the — 
hydrazone method for assaying dehydroascorbic acid, the primary oxidation product of sacorbic 


- N- Destiineaiiiete solution—Prepare a stock solution by dissolving 200 mg of the reagent 


in warm water, cooling, and diluting to 100 ml; this solution is stable for a few days at 4°C. Just 
before use, dilute the stock solution (1 + 9) with water; 1 ml of this solution is approximately 


“4 


Ch On ce 4.5 


Acetic acid, glacial—Analytical- reagent grade. pric 


Potassium todide solution, 4 per cent. w aqueous —Prepare from iodate-free 


| Standard ascorbic acid solution, oO 2 mg per ml—Freshly prepare ‘this solution in 1 per cont. 


For solutions containing red pigments, ¢.g. , blackcurrant jr juice, tice, dilute { the sai sample with 1 - 
cent. v/v aqueous acetic acid until it contains from 0-4 to 1-0 mg of ascorbic acid per 5 ml of 
2 ‘solution. | ¥ Transfer 5 ml of the diluted sample to a 6-inch x l-inch test-tube, add 1 ml of glacial 
7 acetic acid, mix, add 5 ml of potassium iodide solution, and mix again. Add 3 ml of diethyl 
ether, and titrate the mixture with N-bromosuccinimide solution added from a 10-ml semi-micro 
_ burette. -Vigorously shake the test-tube after each addition of titrant, and allow the organic 


hye to separate. _ The end-point is indicated by the first appearance of the brown colour of 


of N-bromosuccinimide solution necessary to impart a definite brown colour to the ether layer. 
Standardise the N-bromosuccinimide solution by using the same procedure, but titrating against 


DIScuUSSION OF ‘METHOD 


_ 2 The results in n Table I show that the recovery of ascorbic acid added to diluted blackcurrant 
uice is satisfacto ithin the limits of experimental error. 


RECOVERY oF “ASCORBIC ACID ADDED to DILUTED BLACKCURRANT jure” | 


acid 


Sample Recovery, 
juice, -097, 0-103 (mean 0-100) 
commercial concentrate No. 1 0-199 0-195, 0-210 (mean 0-203) 102 
0-398 0-399; 0-399 (mean 0-399) 100 
Blackcurrant juice, = 101, 0-105 (mean 0-103) 
commercial No. 2. -204, 0-212 (mean 0-208) 102 
«0-408 0-419 (mean 0-419) 
_ Ether was used when red- coloured solutions were analysed, as the yellow-brown colour in 
_ the organic layer contrasted well with the red colour in the aqueous layer. Iodine in carbon 


7 contrast between the layers when this solvent is used; agreement between duplicate titrations was 

less good in presence of carbon tetrachloride than in presence of ether. Evaporation of ether at 

‘ow laboratory temperature was no problem, as each titration was of short duration, 

_ The use of carbon tetrachloride or chloroform as organic phase seems to be indicated when 

yellow or brown solutions are analysed, as low concentrations of iodine give a pink colour in both 

these solvents. A few experiments with dilutions of concentrated orange juice revealed that the 

_ original method, in which starch was used as indicator,® was satisfactory, since the colour did | ne 


Sa has a colour similar to that of diluted blackcurrant juice, so that there is no colour 
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2. Hochberg, M., Melnick, and Oser, B. Anal. Ed., 1943, 15, 182. 
= ‘Harris, L. J., Mapson, L. w., and Wang, Y. L., Biochem. J., 36, 


4. Harris, L. J., and Olliver, M., Ibid., 1942, 36, 155. 
Barakat, M. z., El-Wahab, M. F. A., and El-Sadr, M. M., Chem. 1955, 27, 


CHELSEA COLLEGE OF SCIENCE AND D. F. EVERED 

Mawresa Roap, Lonpon, S.W.3 Received December 31st, 1959 

THE ULTRA- -VIOLET SPECTROPHOTOMETRIC DETERMINATION. 

[OF AMINO-2-DEOXYHEXOSES 


_ |) Te reaction of sulphuric acid with carbohydrates was the basis for the ultra-violet spectrophoto- 
| per § metric determination of sugars and wi uronic acids described by Bath.* ‘The work described here 
al of B suggests that this method is also applicable to the determination of aminosugars. For these 
acial experiments, the two most extensively occurring aminosugars, 
thyl 2-amino-2- -deoxygalactose, were chosen as representative of this class of carbohydrates. 


Optical densi 


. em Fig. 1. Absorption spectra of re- 3 

sur in action products formed by separately 

arbon wae sugar with 7-66 ml of 89-1 per cent. 

colour sulphuric acid for 10 minutes in a boiling- 

1s was ys [ran bath : curve A, 2- -amino-2-deoxy- 
curve B, 2-amino- -2-deox alac- 


n both heating for 10 “minutes. Both aminosugars produced similar spectral which differed 
at the #ly in the relative intensities of individual peaks. _ They exhibited absorption maxima at 248 and 8! 
‘id not $25 mp, as expected,? and a group of closely spaced but clearly defined peaks at 283, 289 and _*. 
aid 298 m ail group ¢ of is not exhibited by any o other class of so far ar reported. 


| 


— 

| 

— 

ganic 7-ml portions of 96 per cent. s 


p, but as it was ill- defined 
it ‘was not measured. _ The ex extinction coefficients of th these five ve peaks f for ‘both aminosugars, calcu- 


— 

tem Concentration of aminosugar, pg per ml’ ‘ 

coefficient for 2-amino-2- 260 255 245° 230 ani 350 3 
The values of the extinction coefficients did not change throughout the observed range of Bc; 

- concentrations (6-5 to 65 yg of aminosugar per ml of sulphuric acid solution), i.e. solutions of both 


_ compounds obeyed Beer’s law. _ The coefficient of variation of the optical-density measurements: 


_ at 326 and 283 my for a series of samples (see Table I) did not exceed 2-62 per cent. — “ai ae oe ae 


COEFFICIENTS OF ‘VARIATION OF OPTICAL-DENSITY MEASUREMENTS DURIN 

Amount of 2-amino-2-deoxyglucose at— 2-amino-2-deoxygalactose columr 

resent, 283 mp, 325 m mz, 325 muy, but it 

0-73 O53 0-53 0-44 5 

ystem 


. A — of the effect of time of heating on on the spectra of t the : aminosugars rev revealed an interesting 
pattern of changes in the intensities of the individual absorption maxima. The group of a 
between 275 and 300 my» behaved differently oe those at 248 and 325 mp (see Figs. 2 and 3). 
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Fig. 2. Change in optical density of a solution Fig. 3. Change i in optical density of a solution fa sol 
4 of 2-amino-2- -deoxyglucose in 89-1 per cent. sulphuric © of 2-amino-2- -deoxygalactose in 89-1 per cent. sul- §.. é 
acid with time of heating at 100°C: curve A, 325 in phuric acid with time of heating at 100° C: curve — 
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& In conclusion, it is noteworthy that, although differences between the 
vo aminosugars in the ultra-violet region, they showed considerably different behaviour in the _ 
visible region. When a larger amount of 2-amino-2-deoxyglucose was heated with sulphuric acid, _ 

4 canary-yellow colour was formed, whereas a solution of 2-amino-2-deoxygalactose in sulphuric 

_Tbcid showed no apparent colour, even after being heated for 1 hour in the Seige bath. fete oa 

ath, I. H., Analyst, 1958, 83, 451. orien my a 
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DURING an of the in calcium and in in pathological con- 
ditions of rat liver, the need became apparent for a method of determining these ions in the ‘presence 
of excessively large amounts of phosphate. Griswold and Pace’s method,? in which a an ion- exchange , Ries 
column was used to separate the metal ions from each other and from phosphate, : was satisfactory, _ 
but it was too time-consuming when many samples had to be analysed. Other recent methods _ 
involve use of ethylenediaminetetra-acetic acid (EDTA) and two indicators. | _ One indicator _ 
usually specific for calcium, e.g., murexide or calcein; the other, e.g., Eriochrome black T, is used 
to determine the total calcium plus magnesium, and the magnesium is found by difference. 7 For | ae 
systems containing large amounts of phosphate and small amounts of calcium and magnesium, 7 
such methods are suitable only when the phosphate can be satisfactorily meee he. pent 
procedure is based on the method described by Horner,* in which the phosphate was a 
oved by with sodium tungstate and nitrate. Certain modifications 


nh 


= 


‘Heat 3 to 5 g of the sample of ina dish at to 800° C overnight. 7 


| cool, add 1-0 ml of 0-5 N nitric acid to the ash. Set aside for some time, thoroughly wash the ren 
_ [sides of the dish with the solution (use a fine Pasteur pipette), and transfer the solution to a 15- ml 7 
[centrifuge tube with the same pipette. Repeat this with a further 1-0-ml portion 
N nitric acid and two 1-0-ml portions of distilled water. 
To the solution in the centrifuge tube add 2 ml of a 66 oe cent. w/v solution of sodium — 7 
tungstate (Na,WO, 2H 20) and then 4 ml of a 28 per cent. . solution of morpholine nitrate.* Stir & 
the mixture with a thin glass rod, set aside for 1 hour, and spin in a centrifuge at 3000 r.p. p. _— 
and 14-cm radius for 15 minutes. 2 (Although only analytical-reagent grade chemicals were used, a 
significant errors due to reagents were encountered; a reagent blank solution was therefore prepared 1 
by substituting 4: 0 ml of 0-25 N nitric acid for the solution. 
Titration of calcium—After centrifugation, | titrate 1-0 ml of the supernatant liquid against 
4N sodium hydroxide, with a solution of alizarin yellow G as indicator, in order to determine the a 
amount of 4 N sodium hydroxide required to bring the pH to 12. Place 1-0 ml (see Note) of the — 
supernatant liquid in a l-cm cuvette of a Spekker absorptiometer, and adjust the pH to 12 by 
adding the previously determined amount of 4 N sodium hydroxide. To the contents of the cuvette 
add 1-0 ml of a solution containing 50 ug of calcium per ml, 0-8 ml of murexide indicator solution 
(0045 g per 250 ml), 0-2 ml of 4 N sodium hydroxide and sufficient distilled water to bring the — 
total volume to 8- 0 mi. rf Titrate the calcium with 0-01 M EDTA (previously standardised against q 


as ; described by Dunstone? and treat 1-0 ml of the ‘supernatant liquid from the blank scteton 

in similar fashion. Titrations were reproducible to within 0-001 ml (equivalent to 0-4 ug of 
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to 10-0 ml. To a suitable of this add 10 ml of a solution prepared by 
_ dissolving 5 mg of Eriochrome black T in 250 ml of buffer solution of pH 10 to 10-5. (Prepare f 
_ the buffer solution by mixing 57 ml of concentrated ammonium hydroxide, 6-8 g of ammonium ce - 
- chloride, 6-6 g of potassium cyanide and 0-2 g of hydroxylamine hydrochloride and then diluting 7 
“to 1 litre with distilled water; the cyanide minimises interference from iron and copper#) Titrate Z 
this solution with 0-01 M EDTA (previously standardised against a solution containing 100 yg 
of magnesium per ml) added from an Agla micrometer-syringe burette to the blue end- 1-point. 
(The end-point was more easily detected when viewed in light from a tungsten lamp.) Treat - 
1 ‘0 ml of the supernatant liquid from the blank solution in similar fashion. — Titrations were fs 
reproducible to within ‘002 ml (equivalent to 0-3 3 yg of magnesium), ren 


a ‘Norz—The u use of larger aliquots of supernatant liquid was unsatisfactory, ; as the higher § 
concentration of sodium nitrate in the solution caused a decrease in the magnitude of absorp- 
- tion increments near the end-point and so made determination of the end-point less accurate. 
The addition of extra calcium was thought to be advisable, | owing to the small amounts 
usually present in liver from normal animals. 
7 When the amount of calcium present, as determined by a preliminary t titration, is much 

a greater than usual, suitably dilute the supernatant liquid, and treat a 1-ml portion of the 

_ diluted solution as described above. The blank solution should be similarly treated. _ 


CORRECTION FOR FOR VOLUME OF PHOSPHATE PRECIPITATE— 


Table I shows typical results of experiments carried out to determine the calcium and mag- 


nesium contents of pure solutions. The amount of calcium or magnesium found was always about 


MORPHOLINE NITRATE AND SODIUM TUNGSTATE ON RECOVERY oF 


AND MAGNESIUM FROM PURE SOLUTIONS comr 


morpholine nitrate morpholine nitrate | of so 
and sodium and sodium Deviation from Mean 
tungstate, tungstate, 
pM per 4 ml 


expected result, deviation, s 


56-5 +09 | 


= Pe | 


_ 8 per cent. greater than that expected, and this is attributed to the volume of the precipitates”. 4 
4 formed in the removal of phosphate. It is therefore recommended that the results of the deter- - 
Table II shows typical results found when the proposed procedure was used to determine =~“ 
a _ calcium and magnesium in mixtures containing known amounts of the two ions; phosphate was ae 


+ _ RECOVERIES oF CALCIUM AND MAGNESIUM FROM MIXTURES CONTAINING ADDED PHOSPHATE 
Mixture “Calcium present, Ca Calcium found, Magnesium present, Magnesium found, 


added to these mixtures in sufficiently high concentration to be in excess of that expected to occur mee 


a normal liver* (a 2-fold to 7-fold excess was used). amounts of morpholine nitrate andj.) 
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sented The results of determinations carried out on fresh samples of normal -_ pone were— ieee A 
point, 
Treat 
were 


sorp-| Griswold, R. L., and Pace, N., Anal. Chem., 1956, 28,1035. 
2. Horner, W. H., Lab. Clin. Med., , 1955, 45, hy 

ts 3. Dunstone, J. R., Med. J. Austral., 1957, 2, 57 = ink 
joun 4. Thiers, R’ and Vallee, B. J. Biol. Chem. 1957,226, 911.” 
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SAND IN CANNED STRAWBERRIES 
peawenneitiaie are liable to contamination by soil, and, as a result, cans of strawberries normally © 


contain a minute amount ofsand. Although the amount involved is not usually sufficient to cause 
comment, the possibility of complaints of excessive amounts of sand always exists, and there 
are no figures available on which to base an opinion as to what constitutes a reasonable or normal — 
st amount. The ideal would be to ensure that there is no sand in preserved strawberries, but again 
af there is no information as to how practicable is the avoidance of contamination or the removal c. 


iia _ We therefore determined to make a sur\ survey y of as many different packs « of canned. strawberries rs 
las possible and to relate the sand contents to such details of canning practice and horticulture 
as we could discover. Experiments were also made to determine the effectiveness of various 


rT we washing techniques, the maximum amount of sand likely to gain entry on the fruit, the reliability — 

: ‘The amount of soil present on fresh fruit was d determined by washing the fruit and collecting 


the soil on a tared Whatman No. 42 filter-p -paper, which was then dried at 100°C and weighed ; 
several pounds of fruit were used in each assay. The sand (or, more correctly, acid-insoluble — 
residue) in canned strawberries was assessed by using a standardised procedure consisting in washing 7 
and decantation, collection of the combined residues (also containing organic material, such as | 
strawberry seeds, pieces of calyx, etc.) on a Whatman No. 42 filter-paper, wet oxidation of the 
ilter-paper and contents and transfer of the insoluble residue to a tared G4 crucible. The residue _ - 
vas dried at 100° C and then weighed, and the amount of insoluble residue was calculated on the — 
basis of net can content. This result for “‘siliceous preertpiees or “sand” ro generally about 75 per ‘ 


ound, The ec collection of soil washed from fresh straw berries gave the ail in Table L from wa 


he: upper limits of possible contamination without rejection of the hea out of hand and the effects _ a 
placing straw beneath the fruit can be assessed. | 


_ The amount of soil that can attach itself to strawberries without leading to rejection of the © 
fruit is surprisingly high (see Table I). Washing easily removed about 98 per cent. of this i. ae i 
ut it must be remembered that these results are for fruit handled as experimental material; — phe i 
the same eee is not to | be expected in industry. Even under the experimental conditions, \ 5 
mai ned on the washed fruit. eran! 
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average sand content all cans of strawberries examined Table II) was 105 p.p. m, sand 
Included in this average are results for cans deliberately packed with dirty strawberries; if the ff laid. 
results for such cans and any others found to contain more than 200 p.p.m. of sand are excluded, § Table 
_ the average is reduced to 60 p.p.m. The average sand content wer all cans of unwashed strawberries ff straw 
220 -m. and that of all washed strawberries 55 m. ime, 
RESIDUES OF SOIL AND SAND FOUND ON RAW ‘STRAWBERRIES had 1 
Variety of fruit washed strawed splas 


Talisman and Cambridge Vigour | No » No $ conté 


Talisman and Cambridge Vigewr whet 


an 
i 
bo 
S 
a 


Royal Sovereign | ~ fe’. = 
“Improved § Sovereign (sprayed ‘with Rogo oe Me 
_ Improved Sovereign (not sprayed) 

CONTENTS OF CANS OF STRAWBERRIES 

a _ The — tested wore ere supplied by members of the Fruit and Vegetable Canning a and d Quick a 


‘Cannery of can cans sampled 


1(Tall) 3 to 30(mean 24) Not t stated 
No. 1 (Tall) 6 127 to 328 (mean 174) 
24 to 97 (mean 52) ~ Washed; method not stated How 
El 68 to 326 (mean 142) Washed “only if dirty”’ too 
42 to 85 (mean 52) 
>  $to35 (mean 20) 
to 33 (mean 20) Vy w in fitted ont 
4 2 to (mean 12) Ba. washed ain 
8 7 to 112 (mean al _ Filled cans immersed in water, inverted [j?TOb 
2 


24, Filled cans immersed in water, inverted , 

82, 104 “Notwashed 

40 to 111 (mean 78) | _ Washed ; rod washer 
138 to 290 (mean 217) 2} Not washed 
_7to53 (mean 25) Washed by immersion 


soil ] 

Rest 

157,169 ot washed of cc 
ver 

11 to 248 (mean 86) Not y 


90 to 530 (mean ox) 


but 


91 (mean 46) Washed; ‘method not stated 


_ Washing the strawberries and the early and efficient placing of straw beneath the fruit ar 


the two most important factors in the prevention of excessive residues of sand in the canned . 
It is significant that the raw fruit used for determinations of soil (see Table I) was picked 
from plants that were strawed late, after most of the fruit had formed. _ The results for ‘soil and 


— 
2 

—_— 
A214 

| 


in first h half of Table I are all high because the fruit ‘was before the was” 
laid. * The apparently anomalous values for Talisman and Royal Sovereign in the middle of the 


time, was still pnd 
ie., fruit formed after straw had been laid; these values are low. "Theo other pinned « in Table - 
is the low sand content of the Improved Sovereign variety. These plants were not strawed, but 


had not been cultivated after being hoed by hand in the early Spring, and it is possible that weeds | - m= 


surrounding the plants fulfilled the same function as straw in preventing the fruit from being 


_ The results in Table II show that, although fruit may appear clean when packed, it can still _ 
errs as much as 3 90 p.p.m. of sand ; ; this emphasises the fact that strawberries should be washed — 


in . removing ‘soil. Most of the spray-washed fruit contained little sa sand, but the ‘est method of 
washing appears to be that combining gentle agitation with spraying. 
_ In Table III the results have been arranged approximately in order of the ‘iki of soil. It 


can be seen that, in general, light sandy soils favour ee Oe residues of sand and that medium loam 


‘ 


Our — sist show that the residues of sand in cans of strawberries can be adequately 


controlled by washing the raw fruit in water. Control of the > amount of soil splashed on to o the 
‘raw fruit is more difficult, but growers can do much to assist by laying straw early in the season. — 
However, strawing increases the risk of damage by frost,} and must therefore not be carried out 


was 60 p.p.m.; even experimental cans packed at Campden with fruit that had been carefully 
: washed contained as much as 50 p.p.m. Efficient washing is not always practicable because of 
_____ ithe condition of the fruit, and, of the cans containing washed fruit, almost one in ten had a sand 
oA logical conclusion, therefore, is that if a pack contains less than 100 p.p.m. ‘of san sand, on 
verage, and 100 to 200 p. p. m. in not more than 10 per cent. of the cans sampled, the canner has _ " 
probably taken reasonable precautions in washing and selecting fruit. — aed sand contents are 
_ This conclusion is based on the results s reported i in this Note, which were obtained by« examining ’ 
the contents of cans filled during two seasons (1957 and 1958). Both seasons were rather ° wet, : 
ut it is not known whether, on balance, continued wet weather will increase or decrease the | a 
soil load on strawberries. The conclusion may therefore need modification in the light of experience. 
Results obtained during the dry 1959 season generally agreed with those reported here, the _e = 


1. 
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| a too early. The average sand content of all cans except those containing excessively dirty fruit 5 3 au 
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OF ETHYLENEDIAMINETETRA-ACETIC ACID IN THE 


SEPARATION OF RADIOACTIVE ‘BARIUM AND STRONTIUM 


Durinc the on velopment c of methods for the principal fasion, in 
_ samples of aquatic origin, existing precipitation techniques for the simultaneous determination of 
_ radioactive barium and strontium were found to be not entirely satisfactory. The subject was fof str 
_ critically examined by Sunderman and Meinke,! who reported yield and contamination data for § nickel 
several precipitation reactions of calcium, strontium and barium. = j= §iprecij 
_ In the method described here, which was designed for application to the precipitate of mixed §j propc 
nitrates customarily obtained from 75 per cent. nitric acid, the difference between the solubility §by te 
"products of barium and strontium chromates is reinforced by r the diff different stabilities of the | com- fits co 
plexes. formed by these elements with ethylenediaminetetra- -acetic. acid (EDTA). The 
pore A high yield of barium chromate, almost free from strontium, is obtained by cae an excess , 7 
of chromate ions to an ammoniacal solution of the complexes of the metals with EDTA, and§i pp 4, 
strontium is subsequently recovered, as sulphate, by displacement with copper. eo - fF | 
_ EDTA was used by Ballczo and Doppler* to improve the separation of barium from strontium § 
_at pH 5, and studies of the precipitation of barium salts from solutions containing EDTA in the Se 
presence of strontium, calcium and a displacing metal were made by Gibson and Wilkinson} 


Tockstein and Novak‘ and Firsching.® EDTA has also been used as eluting agent | in an ion- 


cent. 


os Separations were seas carried out by heating for 10 to 15 minutes at 100°C, although 
‘somewhat lower temperatures were used for strongly a ammoniacal solutions. The tracers used q F 
were barium-140, freed from strontium-89 and lanthanum-140 just before use, and -strontium-s9 ff to 
_ containing a few per cent. of strontium-90 but eT from yttrium-90; 10 mg of each element 


> = _ This step is best carried out by using an ‘amount of EDTA just equivalent to the amounts of 
- baio and strontium present. Ammonium salts do not interfere, and the amount of potassium 


chromate solution added is not critical. Substitution of sodium sulphate for potassium chromate 
a led to much less satisfactory separation. _ The yields of barium sulphate and chromate and the 
results for contamination | of the ‘precipitates with strontium are shown in Table I. 


| 'Ymups. AND CONTAMINATION OF BARIUM SALTS PRECIPITATED UNDER VARIOUS CONDITIONS 


Conditions: as strontium-89, barium salt precipitate, ta _ Decontamination 
of recipitation* counts er minute reci itated, er minute factor 
P P P /o P 


A. Solution 0-023 M in Sr+, 0- 0145 M in Ba?+, 00375 M in EDTA, Min ammonium 
hydroxide and 1- 5 M i in ammonium chloride; 0-155 M potassium chromate as 


B. Asin A, but with 0-06 M sodium sulphate as precipitant. 
C. Asin A, but 50 per cent. more EDTA and potassium chromate. 


D. As in B, but 50 per cent. more EDTA; 0-11 M sodium sulphate as $ precipitant. is ny 


_E. Asin A, but 25 per cent. deficiency of EDTA. ois 


Asin A, but set for 1 hour at room temperature. 


+ Calculated by dividing the initial activity by the recovered activity (corrected f for “-- % 


— wwe 


‘The barium chromat te can conveniently be purified by solution in dilute nitric acid Te ; 
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~ The conditions for obtaining strontium in a form suitable | for co counting depend c on mn the e efficiency > 
with which the residual barium (2 to 3 per cent.) and its daughter, lanthanum- 140—troublesome Mie 
in all experiments involving barium-140—are removed. This lanthanum is readily co-precipitated Ae 
with most strontium salts in spite of the stability of its complex with EDTA, and precipitation oe 


on of 
: was §of strontium as carbonate, sulphite, oxalate or fluoride was rejected for this reason. The use of — 
‘a for fi nickel or manganese as displacing metal was rejected for the same reason. Strontium sulphate _ ‘ 


= ot | precipitated from ammoniacal solution in the presence of a cupric salt carries down only a small 
nixed § proportion of the lanthanum, contamination by which c can finally be reduced to 0-3 per cent. 
bility fj by re- precipitation. The amount of lanthanum carrier used in the separation is 2 mg (added as. 
com- fits comnapes with EDTA); larger amounts interfered with the precipitation | of barium chromate. ‘4 


solution—Dissolve 19- 51 of disodium oth acetate in 


Ammonium nitrate solution, 2 per cent. 
Calcium nitrate solution—Dissolve 1-456 g of calcium one: in Nea N ‘nitric acid, and 


chromate solution, 10 per cent. 


| Barium chloride solution—Dissolve 1-78 g of barium | chloride _ dihydrate in water, and dilute _ 


7. Copper s sulphate solution—Dissolve 6-50 g of cupric sulphate pentahydrate in water, and dilute 


ium acetate buffer solution—Dissolve 58 mi of glacial acetic acid and 37 aes ammonia 


0-880, in water, and dilute to litre. Adjust the pH 5-0 + O1. 


— _ To the neutral or faintly acid solution containing 10 mg each of barium and strontium in 


approximately 2 ml add 2ml of - EDTA reagent solution. Heat to 
nd the 


ammonium nitrate solution, and combine the washings and supernatant 
fs Treatment of combined washings and supernatant liquid—Heat to 100°C, add 0-2 ml of am- 
‘IONS §monium sulphate solution, 0-5 ml of calcium nitrate solution and 1 ml of barium chloride solution — 
ob Ob oa in that order), w with stirring, and maintain at 100° C for 25 to 30 minutes. 1 Allow to cool, spin in 
nation Bj centrifuge, and wash the precipitate ‘once with ammonium nitrate solution. a Combine the 
+ [washings and the supernatant liquid, and discard the precipitate. Add 0-5 ml of ammonia solution, — = 
___ _jsp.gr. 0-880, and 1 ml of ammonium sulphate solution to the combined supernatant liquid and > 
é _ fjwashings, warm to 90°C, and add 0-5 ml of copper sulphate solution, with stirring. Maintain _ 
at 90° C for 10 minutes, allow to cool, spin in a centrifuge, and wash the precipitated strontium _ 
§sulphate with two small portions of water. Discard the supernatant liquid and washings, dissolve- = 
the a in 1-2 mi of EDTA solution, and heat at 100° c for 5 minutes to oye excess of 


cool, spin in a centrifuge, wash the sdecligitibed barium chromate twice with small ‘portions of 


cipitate. ‘with small portions of 2 N ammonium m hydroxide and water and weigh 4 
Treatment of precipitated barium -_chromate—Dissolve | in 2ml of N nitric acid, add 2 ml 
EDTA solution, and heat for 15 minutes at 100°C with 3 ml of potassium chromate solution. © 
Allow to cool, spin in a centrifuge, wash the precipitate with 2.N ammonium hydroxide and 
water (twice), mount, weigh, and count without delay (see Note) phy aw 


; i ‘Norz—If it is not practicable to « count the barium-140 source > immediately after sepa separation, n, the 
activity. due to lanthanum-140 present at any time may be calculated from the decay constants of 
- B rates for the source and comparing it with the corresponding ratios for pure sources of barium-140- 
and lanthanum-140. Corrections for self-absorption and self-scattering must be applied when measuring, — 
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proposed method was tested with an and strontium-89 the re results are 
shown in Table II, together with the decontamination factors for lanthanum-140 and some other 


important fission Although these contaminants normally almost pres 


PROC! 
1 ml 


DECONTAMINATION FACTORS FOR VARIOUS ISOTOPES 


‘The seis chemical yields of barium m chromate and strontium s sulphate were = 


barium chromate strontium | with 
Strontium-89 .. 12 x 104 & 
~-Yttrium- 90. 


‘Cerium- 144 
Zirconium-95 - niobium- 


—_ Calculated as described in Table 


the behaviour of fission products surviving such treatment.  Zirconium- 95 and niobium-95 were 

a as an equilibrium mixture, and carrier-free tracers were used throughout. It was found 
that the precipitated barium chromate and strontium sulphate underwent a small loss in weight § 

when gently ignited, possibly as a result of the co- precipitation of EDTA; allowance was made 


a “This Note is published by permission on of the Department _ of Scientific and Industrial Research. 


1. Sunderman, D. M, and Meinke, W. W., Anal. Chem., 1957, 29, 1578. 
2. Ballczo, H., and Doppler, G., Z. anal. Chem., 1956, 152, 321, ig 
3. _ Gibson, s. A., jun., and Wilkinson, Pe Be Proc. West Virginia Acad. - Sci., 1954, 26, 21. 
4. Tockstein, A., and Novak, V., Chem. Listy, 1958; 52, 269. 
5. Firsching, F. 'H., Talanta, 1959,2,326. = 


Bovy, R., and Duyckaerts, G., Anal. Chim. Acta, 
DEPARTMENT OF AND INDUSTRIAL RESEARC 


>9) AC C. MontGoMERY 


‘ THE DETERMINATION OF SODIUM SULPHIDE AND MERCAPTANS ea 
THE PRESENCE OF EACH OTHER 


THE > work described, “which is a continuation of research on the analytical chemistry of sulphur 
compounds, deals with determining sulphide and mercaptans in the same sample. The sulphide 
_ and aliphatic mercaptans can be accurately determined by titration with o-hydroxymercuribenzoic 
acid! (obtained, as the anhydride, from Polskie Odezynniki Chemiczne, Gliwice, Sowinskiego 11,§ 
- Poland), with thiofluorescein or dithizone as indicator. The method described below makes use ff* T° 
of the rapid reaction between mercaptans and acrylonitrile’; sulphide reacts in the same conditions, 
q but only slowly. The determination consists in titrating sulphide plus mercaptan in one sample | 
and sulphide only in in a second sample after the mercaptan has been removed with acrylonitrile. 
The mercaptan content is calculated from the difference between the two titrations, —_ a 


q 

— 
a 
7 

i iously treated with 0-4 ml of fuming 
acid to simulate the conditions of the usual separation of strontium from 

alone 
being 

| 

| 

AN 


a a solution of the alkali sulphide and saneentaen add 5 ml of N ammonium hydroxide and 
ml of 0: 02 per cent. ty thiofluorescein, and dilute to 100 ml with water containing about 0- ‘1 per 


i. To a ny solution of the alkali sulphide and mercaptan add 5 ml of N ammonium hydroxide 

_ fland a methanolic solution of acrylonitrile (about 2 moles for each mole of mercaptan). Set aside — 

_ Iifor 2 to 15 minutes depending on dilution and the mercaptan present (2 minutes are sufficient 
[for between 2 and 40 mg of methyl mercaptan in 20 ml of solution), dilute to 100 ml, and —_— Pat 
* vith o-hydroxym acid, thiofl ein being used as indicator. pore 


D 


OF SODIUM SULPHIDE AND METHYL -MERCAPTAN 


present, — Sulphide found, Methyl mercaptan Methyl mercaptan 


were cysteine oni can be determined similarly i in the presence 
found ot sulphide. If the sample contains sulphide, mercaptan and cyanide, the cyanide and sulphide 
veight plus mercaptan are determined as previously described for sulphide plus cyanide,‘ and in a third © 
ma sample, after removal of mercaptan by acrylonitrile and cyanide by formaldehyde, the sulphide — 


* alone is titrated with o-hydroxymercuribenzoic acid, a solution of dithizone in sodium hydroxide _ 


Note that the presence of SO,*-, S,0,?~ or CNS~ ions does not interfere in either titration. - 
3. Scientific Reports of Lodz University, 1958, 4, 181. 
3. Mitchell, J., jun., Kolthoff, I. M., Proskauer, E. S., and Editors, “Organic Analysis,’ 
ee Ill, Interscience Publishers Inc., “New York and London, 1 
4 


Wronski, M., ‘Anal st, 1959, 84, 668 
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AN seaeonaeniat TEST | FOR ‘DETECTING TRACE AMOUNTS OF ORTHOPHOSPHATE 


Tue detection of trace amounts of anions, especially phosphates, is important in Vaahaghen investi- 
tions. ; Of the methods applicable to such investigations, those apne sn use of ‘impregnated _ 
| The proposed procedure permits the detection of 15 x 10-* g g of phosphorus and is based on on 
a reaction previously used for the titrimetric determination of phosphate. * Drops of the — 
solution are applied to a strip of chromatography paper suitably impregnated® with insoluble — 
quinoline molybdate. The strip is then dried and dipped into a suitable developer. If phosphate _ a 
is present in the sample, blue spots appear at the points of application of the sample solution 3 a 
Ss 
spots are produced b by reduc of the yellow quinoline 5 
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 ‘Dipa a strip ) of Whatman No. lor 4 into an 15 per cent, solution 
of ammonium molybdate, allow to dry, and then dip into a 4 per cent. solution of quinoline in 
0-6 N hydrochloric acid. Wash the strip three times with distilled water, and allow to dry. Testf <p 
‘Papers so prepared are stable if stored in the dark. 


a If the sample solution is alkaline, acidify with nites hydrochloric, nitric or perchloricf-pang 

acid; if it is strongly acid, e.g., the product of a Kjeldahl digestion, suitably dilute with water; an act 

if it is neutral, spray the paper with a 1-25 per cent. solution of sulphuric acid, and allow to dry 7 


immediately before the test. (The best results are obtained when the sample solution contains 
_ Place 1 drop of solution on the test paper, heat to nnn 98° and 100° C for not longer than 
1 minute, and allow to dry. If the sample contains phosphate, a yellow spot appears at the point 
of application; the spot is faintly perceptible in daylight, but more so in ultra-violet light. (Spots 
can be made visible in daylight by spraying the paper with Ilford ID2 developer or immersing 


it in the developer for 30 seconds to 1 minute; the benzidine test de: described by Feigl’ « can _ be 


‘The proposed simple test is more rapid and sensitive than are e spot tests. Salts and org organic 
compounds present in concentrations greater than 100 times that of phosphate do not interfere, 
7 but the spots are obscured by the presence of silicate and arsenate in amounts, respectively, 
- 20 and 100 times greater than that of phosphate. =a However, these anions a are usually absent from 
Biological materia, 
Under the optimum conditions we have detected the presence of 1-5 x of 
in 2 ul of solution; however, if a micropipette is used, several portions of solution can be appliedfl 
to the same place on the impregnated strip, thereby increasing the amount of phosphate - present. 
_ Alternatively, a large volume of solution can be applied by using an apparatus of the type described "'S 
The details of this work have been described we 
We thank Prof. Dr. W. Moycho for helpful discussions. ra 
*Feigi, F. “Spot Tests. Volume I. Inorganic / Applications,”’ Fourth Edition, Elsevier 
Co., Amsterdam and New York, 1954. 
‘Wilson, H. N., Analyst, 1951, 76, 65. ae oo 
Hy ‘Antoszewski, R., and Knypl, J. S., Z. anal. Chem., 1959, 169, 269. = 


-Tananayev, N. “Kapelny Metod,” Goskhimizdat, 

Zechner, S., Mikrochim. Aca, 1067,150. 
Antoszewski, R., Roczn. Chem., 1959, 33, 827. wig 
Antoszewski, R., and Knypl, J. S., Chem. “Anal., 1960, 8, 


ANTOSZEWSKI 
UNIVERSITY OF _PoLanD Received January 2 25th, 1960 

HE DETI E DETERMINATION 01 OF SMALL AMOUNTS OF BROMIDE IN PRESENCE 


he 


SMALL amounts of bromide ion in can determined by electrometricf 
: titration with silver nitrate. This was originally shown on the macro scale by Clark, who used (B.D 

several alternative electrode systems, and was adapted to the microgram scale for the analysis 
of chlorides by Cunningham, Kirk and Brooks.? These workers used a simple electrode system, Z 

first recommended by Clark, consisting of a silver-wire electrode and an amalgamated silver-wite 
electrode dipping in the same electrolyte. The e.m.f. of such a couple is not highly reproducibleg 

but, in a given titration, is said always to show a sharp increase at the true end-point. We wished 

_ to analyse samples containing small amounts of mercuric and bromide ions, between 100 and D 

200 ug of bromide being present in each sample. The possibility of using Cunningham, Kirk ané ee 
Brooks’ method for | bromide was with ‘Solutions free from mercuric ions, but 
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uly, 1960] 
sharp increase in e.m.f. was observed, this did not mvariably give reliable indication 


pf the true end-point. Results with these solutions were entirely satisfactory when the silver-wire © 
jectrode was replaced by an ammonium nitrate - agar bridge leading to an external reference _ 
electrode (calomel), but, in presence of mercuric ions, the sharp increase in e.m.f. at the end-point — 
was not observed, and a preliminary separation of the mercury was clearly essential. This was 

‘ achieved by extracting the aqueous phase with a a solution of dithizone i in chl chloroform. The e aqueous — 
Bayer was washed several times with chloroform, and the bromide in a weighed sample was the 
determined as before. After extraction, the solutions gave sharp end-points, detected by a sudden ~ 
change in the e.m.f. of the electrode system, and the concentration of bromide so determined was 

‘fan accurate measure of the concentration of bromide in the original solution (see Table I). 
RECOVERY OF BROMIDE FROM SOLUTIONS CONTAINING MERCURIC IONS 

in each original s solution of Br to He** was about 2 to gest is 


of 


_ Bromide in solution, mole of titration, mole of 
- sample, pg Saas bromide per kg of water ott bromide per kg of water 
so bell 875 X 10-4 x 10-* 
132 4-09 x 10-* 


ersing 


7 
10 
4-09 x 


phorus All the examined were N in ‘perchloric acid, as this problem arose during a study 
pplied of complex equilibria i in which a high constant acidity had to be maintained with a non-complex- 
resent, @orming acid. There is no reason to believe that the method would be any less satisfactory if 


_ Laboratory-reagent grade sodium bromide was thrice recrystallised from water and tm 


‘[iehydrated over sodium hydroxide in a vacuum desiccator. . Solutions of this sodium bromide 
1 N perchloric acid and of mercuric perchlorate in N perchloric acid were mixed to give a solution — 
of known n molality in bromide (between 2 x 10-*and 5 x 10‘) and witha Br- to Hg** ratio a . 
‘bout 2. . Approximately 10 ml of this mixture were ‘shaken with 20 ml of a solution of dithizone 

in chloroform, also containing 1 per cent. | of 6 N acetic acid to prevent decomposition of the 

mercury - dithizone complex and so to assist in extracting mercury from the aqueous layer; \. 
Foderate excess (about 50 per cent.) of dithizone was used. After extraction and separation, — 
fie aqueous layer was washed several times with chloroform, and a weighed sample (2 to 7 g) was aie 
— by adding silver nitrate solution from a Greiner ultra-micro burette of total — 


_ When analysing halides electrometrically it is usual to acidify with sulphuric acid to increase 

the conductivity of the solution, but in this determination such an addition was unnecessary “rene 

of the presence of perchloric acid. © ‘The silver nitrate solution used was 0-0671 N except for il 
ast three results i in Table I, for which it was diluted to 0-0255 N. aig _End- -points were. satisfacto 

tven when 0-01 N silver nitrate was used, and, had it been necessary, bromide solutions having 7 


appreciably lower concentrations than those reported here could have been determined with 7 
ometrifl We thank the United Coke and Chemicals Co. Ltd. for awarding a Fellowship to one of us 


ho during the tenure of which this work was carried out. ress nd w 
or 
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COMPREHENSIVE AN ANALYTICAL CHEMISTRY. Volume TA. CLassicaL ANALYSIS. Edited by 


L. Wnson, Ph.D., D.Sc. , F.LC.L, and Davin W. Wison, MSc., F.R.LC 
Pp. xx 577. Amsterdam, London, New York and Princeton: Elsevier Publishing Co.; 


London: D [ Nostrand Co. Ltd. 1959. Price’ 105s. 


‘The book under review is the first part, ts be ieee by two more, of Volume I of a series§ yich 
_of five volumes in all in which the declared aim is to provide all who are interested in analytica’ aris 
_ chemistry and those who have to use its methods with a self-sufficient reference work or, at least, ko be 
a starting-point for any analytical investigation. A wide selection of topics is to be included ( 
-and much material is to be given in sufficient detail to allow it to be used directly. All types of c0-ore 
analytical determinations, classical, instrumental and physical, are to be covered. The theoreticalff,¢ 4, 
aspects of analytical chemistry are not to be neglected and special attention will be directed tofitne a 
the needs of the industrial analyst. This is an ambitious aim and one that will, no doubt, b§ 
adequately met by the experienced « chemists w who are either editors, contributors, or members§,nq 1 
The choice of contents of Volume 1, Part A is, to some extent, an unexpected one. Instead unusi 
_ of the theoretical treatment on physico-chemical lines that introduces so many books on analysis§ 
we have, after a general introduction by the Editors, a more practical approach, as the following § ene: 
list of subjects, given with the name of the author of the article concerned, will show—materials the r 
(G. H. Wyatt), sampling (R. C. Tomlinson), statistics (E. C. Wood), weighing (G. F. Hodsman),f atic. 
measurement of volume (R. Goulden), solvent extraction (G. H. Morrison and H. Freiser), organic§ j.o¢, 
reagents in inorganic analysis (F. Holmes), gas analysis (A. E. Heron and H. N. Wilson), inorganic§,, . 
qualitative analysis (P. W. West, A. O. Parks and H. Weisz), organic qualitative analysis (A. 
McGookin) and inorganic gravimetric analysis (F. E. Beamish, W. A. E. McBryde and L. Gordon). 


prese 
a gor 
7 _ In their general introduction, the Editors discuss in a well-balanced way the recent history of ae . 

a analytical chemistry, its varying status, its modern renaissance and the impact of physical methods prob 


and instrumentation on the older classical methods of volumetric and gravimetric analysis, i x 


emphasising, quite properly, that the modern . analyst must be a man of many parts able tof, 


appreciate me use both old and new techniques for the solution of his problems. ea 
- In the section describing the materials, and their limitations, from which the apparatus used the f 
in in chemical analysis is made, much useful information not often found in the text-books is collectedg 
together. The point, too often ignored, that stirrers and especially cover-glasses, generally made§,,,), 

: _ of high-alkali glass, can introduce significant contamination is well taken. The discussion on the fect; 
question of the loss in weight of platinum heated at high temperatures is interesting, but this loss 

_ with platinum originating from Europe is hardly significant at the temperatures needed in ordinary 
gravimetric analysis. The list of references for this article might well have contained a reference 
to the work of A. W. Armstrong (Analyst, 1951, 76, 551; see also I. _H. Hadfield and P. H. Bigg, 
_ ‘Ibid., 1951, 76, 729) on the electrification of silica crucibles after ignition and cooling. shoe ee 
_ The importance of sampling has been recognised and the section on this subject outlines the 
= principles behind what its author calls the philosophy of sampling. Methods of taking§; 
Ss and of calculating sampling precision complete the picture. It is interesting to note that 


whic 
preci 
of a 


the traditional coning and quartering of particulate matter is condemned as “both tedious and 
liable to gross error and should only be used as a last resort.”” Incidentally, three of the figures 

in Table II, 6 need correction, as does the equation 1-44 = 0-72 on p. 
ee ‘This } Section should be read i in conpenetins with 1 the next one in 1 the book. This is on statistics 


minded. fundamental principles of statistics the statistical attitude are ‘little 
or no room being left, unfortunately, for the many applications that might have been given 
_ The exhortation that the statistician should be called upon to help in design before experimental, 
work is begun and not after it has been completed, and the author’s final word that ‘“‘The statisticianR 
is best used as an architect, not as a rescue worker” will, no doubt, be heeded. = = = 
a: The article on weighing takes the reader from basic design and general theory to the latest 
_ equal-arm, one-pan balance and the quartz micro- -balance. One would have liked to have been 
given more information| about the equal- arm, one-pan balance and the riderless microchemical 
balance. The photographs « , of these two instruments are also not sufficiently clear for details to 
= picked out. A mention of Nichrome — — well anes been made and one wonders 
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vhether - it is conan to say that the screw- knob variety of weight | is 3 preferable to the one- piece 
weight. _ It probably is from the manufacturer’s, but not from the user’s, point of view. 
_ Measurement of volume is dealt with in 22 pages, apparatus, allowed tolerances, corrections 
jor the standard temperature of 20°C, calibration and the use of volumetric ware all receiving — 
n up-to-date treatment, well supported by references to the literature. 
_ The 62-page section dealing with the theory and practice of solvent extraction, including s a 
Iks sit does 399 references and a long tabulation, forms a useful introduction to a subject that has cy 
not, in the past, received detailed treatment in text-books on analytical chemistry. The table in 
extraction procedures, the conditions employed and the are ‘sum- 


to be applied toa problem for. which solvent extraction might provide an answer. 5 pe . 
cluded _ Chapter II ends with a general treatment of the part played by organic Semele end by Be 
pes of co-ordination in inorganic analysis. _ It will be particularly informative to the older generation ~ fs : 
reticalot analysts whose training did not include a study of the more theoretical aspects of this subject. of 
ted to The application of organic reagents to gravimetric analysis i is more fully dealt with in a later chapter. 2 
ibt, be _ Gas analysis forms the subject of Chapter III. Here, the treatment is essentially practical 

7m bers and modern and is full of advice and authoritative Biche ea that can have come only from a 
first-hand acquaintance with the subject. _ The analytical notes on important gases provide an © 
nstead unusual and valuable feature of the chapter. Two hundred and forty references support the text. 
nalysis ¥ The fourth chapter of this book is devoted to inorganic qualitative analysis; sections on 7 
lowing general schematic analysis on a semi-micro scale, a scheme, , mainly systematic, for many anions, — 
terials the ring-oven method for separating some of the commoner cations, and the identification of some 
sman),fcations and anions in comparatively simple mixtures by means of drop-reactions or “‘spot-test”’ 

Tr ganic§ procedures are dealt with on a practical basis. The qualitative analysis scheme described is based 
rganic on a non-sulphide system, but includes many of the procedures of Noyes and Bray. As this = 
sis (A. presented for the first time, little can be said concerning its worth, but it seems capable of providing — 
ordon). fa good academic exercise for advanced students of qualitative analysis, if any such now exist, 
tho but w hether it t will be used by the professional analyst to whom it is addressed i is another matter; = 
e 
ialysis,f = The identification of organic compounds is described in 32 pages packed full of information. _ 
comes Although these form a piece of writing masterly in its condensation, they would have made easier a 
Treading had the author allowed himself more space. The use of the index of derivatives for 


rn aa ithe final stage of identification could, with profit to the reader, have been more fully exples. 
lected 
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analysis, its techniques, reagents, inorganic and organic, and the apparatus used, with a final 
section on ‘Precipitation from homogeneous solution, a comparatively little-known technique in 
which the precipitant is slowly generated by a chemical reaction within the solution and the 
precipitate i is formed by a homogeneous process that eliminates some of the 1 undesirable features 
nce#of a conventional precipitation. Like the article on gas analysis, there is a wealth of practical _ 
. Bigg, knowledge and experience behind the information and much good advice given in this chapter 
___ fon inorganic gravimetric analysis. It is noteworthy that there seems to be no mention of using 
nes the aperiodic balances, or of U-tubes with ground-in stoppers as containers for absorbents, and one ~ 
takingfis surprised to find the platinum equivalent of the Gooch crucible described, both in the text 
te that Band the index, as a Monroe crucible. 
us and As to the text of the whole book, there is, in my opinion, room for improvement in the © 


punctuation, and a number of mistakes in need correction. Furthermore, readers ‘who 
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antes also needs correction, as does the statement ‘ ‘sodium hydrosulphite solution (more correctly 
dithionate)”” on p. 242. A welcome feature of the text is the placing, at the bottom of alternate 7 
pages, of footnotes indicating the page on which references are to be found, thus mitigating, to i 
some extent at least, the inconvenience of having to turn to the end of an article to find them. 
_ This first part of the first volume of this comprehensive treatise on analytical chemistry is — 
full of interesting, useful and up-to-date information that will be of value to many chemists, — 
and, no doubt, its appeal will be a wide one. Other volumes are to follow and this prompts the © ' 
hought that the field of analytical chemistry i is } now too wide and too diverse to be covered by he 
ne comprehensive treatise. Would not the subject be better served by a series” of separate 
text-books or monographs, with the greater choice of selection for the reader, the greater ease of 
revision and the greater convenience that such a series can henna L tora THEOBALD ? 
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‘SEPARATION J AND IDENTIFICATION oF Foop BY THE Matrens f the 
Foop REGuLATIONS 1957. By the Association of Public Analysts. Pp. vi+ 31. psy mr 


London: The e Association of Public Analysts. 1960. Price 
The Regulations of 1957 ‘regarding colouring matters in 1 foodstufis were revolutionary in tha aid 

_ there was a change from a system of prohibited colours to one of permitted colours. With thi by dis 
henge came the need for an acceptable scheme for the separation and identification of these latter); 

i Our congratulations and thanks are due to the Association of Public Analysts for tackling the ol . 

of devising ‘such scheme, and for their of the problem to 


polar 


lof inf 


of the mixed colours if more than one is present, and their identification. "Briefly, it may be saidfj 
that the colour is removed to wool from the food, and then extracted from the wool. Mixed 
colours are separated chromatographically on paper, and the individual spots thus produced are. 
subjected to tests for identity. Dr. J. H. Hamence, in an admirable foreword, draws attention 
to the remaining limitations of the scheme, urging the analyst to make himself familiar withi 
the behaviour of all the permitted dyes and hinting that a similar knowledge of non- 
colours would be of extreme value if it could be acquired as well. 
booklet concludes with reproductions of the absorption curves rmi 
tar ur colours with which the Association has dealt. It does not include any reference to the petinitied bade | 


ve etable or mineral colouring matters. A, 


Mix D. Sc., Ph.D. D., F.R.LC., M.I. Biol., F.R.S.H. Second Edition.§whict 


Pp. xiv + 309. London: Dairy Industries Ltd. 1959. Price 30s. Wario 


wail It is pleasant to record the issue of a second edition of Dr. J. G. Davis’s most useful little j - 
— on milk testing. The first edition was welcomed by the dairy industry, and it found its wayg 
into pretty well all laboratories concerned with the distribution of milk to the consumer. It} 
was an eminently practical manual intended to help those who actually made the tests themselves.figasa 
i. __ In the second edition the author has brought the work up to date and has added a few newh 
tests. Generally speaking, he has continued his policy of giving full details for the common], 
4 routine tests and merely setetring to others. The new edition will prove as welcome as did the mf 
ADVANCES IN Edited by H. W. Tuompson, C.B.E., E.R. Volume [,gmode 
* Pp. x 363. New v York and London: Interscience Publishers Inc. 1959. a 


aa Not all Nenaches of science are able to sustain an annual review volume a few hundred. pages 
in length, and in others the attempts to keep abreast of the increasing torrent of published material 
often turn reviews into bibliographies, which may be valuable, but are rarely stimulating. 
Librarians, too, are often less than enthusiastic on being asked to commit themselves to the annual il 
_ purchase of yet another volume of “Advances.” The contributions to the first volume of ‘ “Advances nas 
2 in Spectroscopy” are reviews in the best sense of the word. The selected topics are discussed 
“ _ with considerable reference to both experimental detail and theoretical background. _ As a result 
of this successful attempt to strike a correct balance, many of the articles in this volume are 
excellent monographs and can be highly recommended to spectroscopists wishing to acquire an » 
introduction to particular new fields of work in their subject, which have not yet been treated ati 

text-book level. This is surely the real function of a series of annual volumes on “Advances,” 
and it is brilliantly achieved in several of the articles. 

. ek Ramsay (pp. 1 to 55, 185 references), dealing with the electronic spectra of polyatomic ] 
free radicals, discusses experimental methods and spectra, high- -resolution studies on several a 
radicals and their interpretation and finally the Renner effect in polyatomic molecules. jade _ 
_ W. C. Price (pp. 56 to 75, 72 references) deals more briefly with recent work in the vacuumg © 
ultra-violet, describing experimental techniques and their applications to the study of both atoms gh 
and molecules, including photo-ionisation studies and the difficult problem of measuring absorptiong, h 
_ The longest article in this volume, by B. P. Stoicheff on high- cussigtion Raman spectroscopy 
a - 91 to 174, 135 references), includes a detailed résumé of theory and then a systematic account = 
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REVIEWS 


of the of rotational in the Raman spectra of linear and s mmaetric-, 

ssymmetric-top molecules in the gas phase. _ ‘The apparatus and techniques employed in this — 

A. Elliott (pp. 214 to 287, 111 references) deals with the infra-red spectra of polymers, a abranch = 
.¢ molecular spectroscopy of both scientific and technological interest. _ The author has been careful aay 
“ito discuss his subject with reference to its most general and fundamental aspects, but its practical 

apron toa large number of ae including polyethylene, polyesters, es cellu 


infra-red to the study of crystallinity i in selected polymers. 
_ N. Sheppard (pp. 288 to 353, 212 references) discusses the study of rotational isomerism ify 

* C—C bonds in saturated molecules by infra-red spectroscopy, with references to substituted a 

ethanes, polymethylene chains and cyclic compounds. The relevance of such studies to the | 

by assignment of “characteristic” frequencies and the elucidation of the configuration of rotational ies, i 

mittedy A shorter article, by T. S. Moss (pp. 175 to 213, 87 references) on modern infra-red detectors, _ 

7 “al deals succinctly with the thermocouple, bolometer and pneumatic types and, in rather more detail, 

ed o with photo-conductive types. In this category 1 the lead sulphide detector is of particular int interest, 

it has been widely used to extend the range of commercial recording spectrophotometers from 

iy the visible region into the near infra-red, a wavelength region of great potential analytical value. | a h 

net ay | The briefest and most specialised contributions in this volume are both by D. H. Rank and a ay 7 
cited are concerned with the index of refraction of air and with the ‘‘best value” of the velocity of light, we 

-dition.gwhich can be obtained as a average ¢ of the results of ‘several determinations 


nselves. sASANALYSE: _METHODEN DER ARBEITSPRAXIS. _ By Dr. ‘Fritz Bayer and Dr. GEORG 


tention 


is 20 years since the last edition of Bayer’s ‘‘Gasanalyse’”’ was published, and anyone > whose 
vork includes gas analysis would open the new edition with considerable interest. Unfortunately, a “im 
is general impression would be one of  . as it is obvious that the ae and i : 


if hens recent references, twenty-six deal with gas chromatography, thirty-three are on mere rl 
matter (aerosols) and eleven (papers mentioned but not referred to in the text) are on dissolved — 
gases in metals. The book has 43 pages of general description of apparatus for gas analysis by — 
a absorption and volume measurement, then 129 pages devoted to particular gases, 47 pages devoted | 
‘physical and chemical-physical methods of technical analysis,” 14 pages on gases in solid 
bodies eee and glass) and 10 pages on “‘traces” of moisture, halogens, hydrocyanic acid and ~ °: 
ercury. A short chapter on particulate matter follows, and the book concludes with 16 pages rh. 
a result(’= toxic gases in the atmosphere. _ The last 2 pages deal with an important development in the __ 
ietermination of traces of toxic gases—the use of solid that change colour when air 
yuire an ontaining certain gases is drawn through 
sated ata Lhe British reader will be surprised to find not one single mention of gas analysis by constant- aa 


vances,""°" | apparatus, nor of Gooderham’s constant rate of flow apparatus (Gooderham has | one 


ume are 


ee mention, on low-temperature distillation, but the paper is said to be in J. Soc. Chem. Ind. Japan, a 


several | It is curious that a 4 subject as widely practised as gas analysis should be so poorly | served by 
fpeneral text-books or monographs, although specialised topics, such a3 gas chromatography and 
- determination of industrial toxic hazards, are well covered. As far as the reviewer is aware, 
h atoms#° text-book on the subject of general gas analysis has been published in Great Britain since 1934, 
sorption Muller’s handbook (Modern in S. A. in 1055. 
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byd direction of the Council of the Pharmaceutical of Great Britain. Sixth Edition 
ina 75. . London: The Pharmaceutical ‘Press. 1960. Price 78.64. = = 


THE Inox . BATHOPHENANTHROLINE, 2, 4, 6- TRIPYRIDYL- S-TRIAZINE, PHENYL-2-PYRIDYI 
-KETOXxIME. By HARVEY DIEHL, Ph. D., and G. FREDERICK Ph. D. Pp. 52. 
Columbus, Ohio: The G. ‘Frederick ‘Smith ‘Chemical al Company. 1960. Gratis. i 


Ph.D., M.R.C.V.S. Pp. 32. London: The Universities Federation for Animal Welfare, 


THE RADIOCHEMISTRY By E. K. Hyper. vi+ 70. Washington, 
National Academy of Sciences—National 1960. Price 75 


THE RADIOCHEMISTRY OF FLUORINE, CHLORINE, BROMINE AND By Jacos KLEINBERG 
and G. A. Cowan. Pp. vi + 42. _ Washington, D.C.: National Academy of Sciences— bye, 
National Research Council. 1960. Price 50 cents. fu 
THE RADIOCHEMISTRY oF By I. Puck. 7 Pp. vi + 34. Washington, D.C.: Nationalf 
Academy of Sciences—National Research Council. 1960. Price 50 cents. ft . 


THE Volume ND Activitizs. By. Seman AP 

‘WaksMAN. Pp. xii 327. London: Bailliere & Ltd. 1959. 100s. ( 
‘Nationa FoRMULARY 1960: Alternative Edition. Pp. London: The British 
_ Medical Association and The Pharmaceutical Press. 1960. Price 8s. (interleaved copies, 


_MEtHoDs IN Guocunmerny. _ Edited by A. A. SMALEs and L. R. Wacer, F.R. S. Pp. viii + 464. 
New York and London: Interscience Inc. 1960. ad Price 94s. $18. 50. 


ELEMENTS or Ion EXCHANGE. Ropert KUNIN. Pp. = 164, York: Reinhold pf 


Publishing Corporation ; London: ‘Chapman & Hall Ltd. 1960. . Price $5.75; 6s. 


M METHODS IN Awatysts. Edited by WALTER 1G, Bam. 1, Second 
> _— Revised Edition. _ Pp. xiv + 686. y New York and London: Academic Press Inc. \ 1960. 


ConsTANTS OF CoMPLEX COMPOUNDS. By K. B. Yatsimirskit and V. P. Vastt’ev. 
Now York from the Russian by D. A. Paterson. Pp. viii + 218. Oxford, London, 


New York and Paris: Pergamon Press Ltd. 1960. Beans 42s. an 


= “ANALYSIS | OF ORGANO- SILICON COMPOUNDS, 


SPECIAL REFERENCE TO |: SILANES AND SILOXANES” BY J.C. B. SMITH 
Reprints of the Review Paper, of Compounds, with Special 
Reference to Silanes and Siloxanes” by J. C. B. Smith, published in this issue of The Analyst 
- (pp. 465-474), will be available shortly from the Assistant Secretary, The Society for Analytical 
Chemistry, 14 Belgrave Square, London, S.W.1, at 5s. per copy, post free. A remittance 
_ for the correct amount, made out to The Society for Analytical Chemistry, MUST. accompany 
the order; these are not obtainable Trade ‘Agents. 
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HE Society publishes pape | ,all aspe of analytic: hemistry, fundamental and applied, — 


jon:finorganic and organic, ‘including chemical, physical, biological, bacteriological and micro methods. 
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Papers on these and allied subjects, by members of the Society or by non-members, may be 


( "proposals for new methods and the investigations on which the proposals are mee 
results of original investigations into known methods or improvements therein; 
3) analytical results obtained by known ‘methods where these results, by virtue of pote 
_ circumstances, such as their range or the novelty of the materials — c 
usefial analytical information; 


( ) the application of new apparatus and new devices in anal 


Communications—Papers ‘and all communications relating thereto sent to the 


ants, Editor of The Analyst, 14 Belgrave Square, London, S.W.lh, 


| Papers will normally be submitted to at least one referee, by whose advice the Publication 
ommittee will be guided as to the acceptance or rejection of any communication. Sr 3 Oe a 

Papers accepted by the Publication Committee must not published except by 
- Synopsi All papers: ; must be accompanied by a short synopsis of about 100 to 250 words rf 


indicating the scope and results of the investigation and an . appraisal of the accuracy of any new 


waee proposed. Contributions to the “Notes” or “Apparatus” sections do not require Synopses. — 
_ Proofs—The address to which proofs are to be sent should sathdiiabiteed the om — 


should be carefully checked and returned within 48 hours. = | 
_ Reprints—Twenty- -five reprints, or a maximum of fifty if there is more than c one aes are 
upplied gratis. _ Additional reprints may be obtained at cost if ordered directly from the printers, — 


V. Heffer & Sons Ltd., , Hills Road , Cambridge, at the time of publication. 


Details are sent to 
authors with the proofs. cll 


, 4 Be brief: a \ page contains, on 1 average, 800 words and costs £15 to publish 


Manuscript—Papers and Notes should be typewritten in double spacing on non- absorbent 
aper and on one side only. The top copy and one carbon copy should be sent to the Editor, and — fF 
1 further copy retained by the author. Manuscripts should be in accordance with the style and 3 
sages Shown in recent copies of The Analyst. Authors are recommended to study Appendix 1 iy 
f ‘The Presentation of Papers for The Journal of the Chemical Society” (The Chemical Society, 


_— Burlington House, London, W.1, price 1s. 6d., post free). Sections 1 (Style) and 3 (Some Common 


wammatical Errors) apply equally to papers prepared for The Analyst. Section 2 (Conventions) — 
loes not entirely apply to The Analyst, which does not use the comma before ‘‘and’’ and “or” in Paes 
‘pain enumeration and ‘in which the termination ‘~ise”’ is to * ‘-ize” when ‘both 
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Generally, the best order of presentation is as indicated below: 


Statement of object of vif: necessary, historical introduction and account 
of preliminary experimental work; these must be no » longer t than is strictly necessary fo for 


of method. Working details of proposed methods are most concise and 

when given in the e imperative mood, and should er be give en in this form, ¢.g., 
“Dissolve 1 g of sample i in 10 ml of water, and add. 
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Presentation of results. 
e 
cipal 
bea Tables, diagrams, etc. —The of tables should be kept toa minimum. 
should be brief. - Tables consisting of only two columns may often be arranged horizontally 
No lines should be ruled in tables in the - manuscript. _ Tables must be supplied with titles an@ 
_be so set out as to be understandable without reference tothe text. = 
o _ Tables or graphs may be used, but not both for the same set of results, unless importan 
In general, graphs should have a reasonable number of co-ordinate lines, and not only th¢ 
two: main axes. Graphs consisting of straight lines passing through the origin, such as calibration 
curves, should not be submitted: instead, an equation should be giveninthetext. = = 8 ~ 
_ Diagrams and graphs should be drawn in Indian ink on Bristol board, stout paper or teal D4 
of cloth, not larger than foolscap size and with at least l-inch margins all round. The use of squared 
7 bi ‘paper should be avoided if possible; red, orange or brown ruled paper must not be used, as these 
a colours reproduce in block-making. If it is necessary to use ruled paper, blue or green ruling§ — 
- piacein used. All lettering should be inserted lightly in black lead pencil at the appropriate 
_ place in the diagram, and will be replaced by type in block-making. All lines in Indian ink should 
drawn and sufficiently thick tostandreduction, 
_ Drawings should be specially prepared for submission to The ution as they cannot normally 
* be returned and may be modified or cut in the course of block-making. The duplicate manuscript 
may be accompanied by photographic or dyeline copies of the figures, or by pencil s sketches, for 
transmission to the referee; there is no need to prepare Indian- ink duplicates. ihe 
Photographs—Photographs { for ‘reproduction on art paper ‘should be submitted prints 


deal 


0-02 N, 0-375 M Abbreviational full ‘stops a: are omitted after the common m contractions of metric 


units (e.g., ml, g, »g, mm) and after °C, °F, y», a and other units represented by symbols; litre 
and metre, when without prefixes, are printed in full 


_ Abbreviations other than those of recognised units s should be avoided in the text; ; symbols 

: and formulae are not used instead of the names of elements and compounds in the text, but may 
be used in addition to names when they are necessary to avoid ambiguity, e.g., to to specify cr crystalline 

composition, as in CuSO,.5H,O, to show structure or in equations. 

Percentage concentrations of solutions should be stated as “‘per cent. (alternatively 
per | 100 as “per cent. wy” (alternatively per 100 mil”) or as “per cent. viv. Concen- 


the concentrated acids; they should then be given in ‘the form ‘‘diluted hydrochloric acid (1 + 4),” 

_ which signifies 1 volume of the concentrated acid mixed with 4 volumes of water. This avoids 

_ the ambiguity of 1:4, which might be equivalent to eithy1+40r1+3. 
i. References—References should be numbered serially in the text by means of superscript] 

figures, e.g., Dunn and Bloxam! or Mitchell,? and collected in numerical order under “REFERENCES” 
at the end of the paper. They should be listed, with the authors’ initials, in the following form—j- 
1, Dunn, and Bloxam, H. CL. ‘Soc. Chem. Ind., , 1933,52, 1897. 


Mitchell, C. Editor, “Allen’s Commercial Organic. ” Fifth Edition, j. & A. 
Churchill Ltd., London, 1932, Volume 9,p. 149,00 


‘For books, the edition (if not the first), the publisher and the place and date of publication s! should 


be given, followed by the volume or page number, or both if required. +a tee eoeiberienee 
_ The entry of ‘‘personal communications” in the reference list is not justified; full acknowledg- 

‘ment of such unpublished sources should be made in the text or in the acknowledgments at the 

_ Authors must, in their own interests, check their lists ¢ of references a against the or original f papers; 

second-hand references are a frequent source of error. The number of references must be wep 


Neglect of any of the points mentioned above is likely to cause delay in publication. 1%) esi . 
Further useful advice » to authors is contained in the Royal Society’s publication entitled 
“General Notes on the Preparation of Scientific Papers,” ‘published for the Royal Society by the 
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